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Abatract 
In the de•ign and conatruction of •teel I-girder compoaite 
bridges, the stresses produced by the placement aequence of deck slab 
segments is often considered, but not the stresses introduced to the 
girder by way of concrete shrinkage. 
For this study, a seven~span, four-girder bridge was chosen 
for analysis. 
concrete deck. 
The continuous steel girders support a continuous 
During the construction phase, strain gages were placed 
upon the bare steel sections. Stresses converted from strain 
readings taken at each stage of the placement of the concrete deck 
slab were found to exceed computed design values. 
A three dimensional finite element model of the structure 
was developed and a loading sequence equivalent to the placement of 
cone re te was app 1 ied. A second loading was applied to the deck 
elements to simulate the forces generated by the shrinkage of the 
deck concrete. The dead load stresses resulting from the three 
dimensional model were then compared to the corresponding results of 
a two dimensional grillage model analysis performed prior to this 
study. The dead load and shrinkage stresses from the three 
dimensional finite element model were superimposed to obtain the 
total or combined stresses. These combined stresses were in good 
agreement with the stresses from field measurements. 
In addition, a study of the effects of bearing conditions 
, 
was also performed.~ The as-built condition of adjacent hinges at 
1 
0 
-
• 
pier• 3 and 4 introduced horizontal reaction• at the hing•• and 
strongly influenced the stresses in the flanges during the placement 
of concrete in the positive moment region of apan 4. Hoving the 
hinges to piers 2 and 5 or retaining only a single hinge at pier 3 
would reduce the effect of bearing fixity and produce a more even 
distribution of stresses in the steel girder cross sections. 
' 
I 
2 
, 
( 
.. ' 
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IITllODUCTIOI 
1.1 Problem Stateaent 
In November of 1989 a 31 mile portion of Interstate 78 was 
opened to traffic. This segment. connects Alpha, New Jersey to the 
west end of Allentown, Pennsylvania and serves as a by-pass of U.S. 
Route 22. 
The highway crosses the Delaware River just south of 
Easton, PA. Traffic is carried over the river by twin steel plate 
girder bridges with the northern bridge carrying westbound traffic 
while the southern structure carries eastbound vehicles. 
After the casting of the deck, the southern structure 
(eastbound) was discovered to have a "buckled" web plate of an 
interior girder at the center of span number four. It was verified 
through field measurements that the web plates possessed an initial 
out-of-flatness [3]. The lateral displacement of the web increased 
to a maximum value of 1.125 inches at approximately mid-depth of a 
web panel in a girder, after the fifth day of concrete placement. A 
schedule of the deck placement sequence can be found in Fig. 1-1. 
Although the effects of concrete placement were examined 
during the· constr~ction stage, the effects of concrete shrinkage were 
suspected to have not been considered. The shrinking of the 
continuous deck would introduce compressive forces in the girders and 
contribute to the cause of buckling of the girder web. It is also 
3 
au.pected that aupport condition• of ,pan 4 could al10 be a primary 
cau•e of the web buckling. Piers 3 and 4 at span 4 are hinged, or 
pinned, bearings. This condition prevents the bottom flange from 
expanding during the placement of concrete in the span's positive 
moment region. As a result of this restraint, a compressive 
horizontal force could be introduced to the cross section at the 
bearings and generate a secondary bending moment in the girder. 
1.2 Description of Structure 
Each of the seven-span, continuous structures consists of 
four hybrid steel girders topped by a 10 inch thick reinforced 
concrete deck. The bridge has a total length of 1222 feet with span 
lengths of 100'-169'-228'-228'-228'-169'-100'. The girders are 
spaced 14'-3" apart and the deck extends 4'-4 1/2" beyond the fascia 
girders. Figure 1-2 shows elevations of both the eastbound and 
westbound bridges while Fig. 1-3 presents a typical cross-section. 
Spans 1 and 7 have a web depth of 82 in. The webs in spans 
2 and 6 taper down to 90 inches deep,:)at a pier whereon the depth 
remains constant through spans 3, 4, and 5. The webs were fabricated 
from A36 and A572 Grade 50 steel. 
I 
The A36 web plates have a 
,.. 
' 
, ' . 
thickness of 9/16" .. and· are located in_ th~ positive moment region, 
·. \ 
while the A572 webs were placed in the negatiye moment region and are 
5/8'' thick. \. 
~ 
The geome\ Y.. of the flanges varies considerably depending 
. . 
upon the location ef the plate within the span. The larger sections 
were placed over the piers·to aCC()mmodate the large negative moments. 
> 4 
\ 
Three grade• of ateel were uaed for the flange plates: A36. A572 
Grade 50. and A588. The largest flange plate measures 36" x 2-
15/16", while the amallest has dimensions of 12" x 5/8". As is 
common in composite structures. the top flange plates are aome
what 
smaller than their bottom flange counterparts. The variation in 
girder geometry can be seen in the girder elevation drawings shown 
in 
Fig. 1-4. 
The cross-bracing or intermediate diaphragm between girders 
are composed of two 4x4x3/8 angles that form a "X" pattern and o
ne 
SxSxl/2 angle section that is attached to the bottom of the vertic
al 
connection plates. The components of the cross bracing diaphragms 
at 
pier locations have the same dimensions but have larger weld size
s. 
Abutment diaphragms consist of two 4x4xl/2 angles and a MC18x42
. 7 
channel section at abutment number 1 and is arranged in t
he 
configuration of a K-brace. A WT18x67. 5 section instead of the
 
channel section is used at abutment number 2. Detailed drawings 
of 
the diaphragms can be found in Fig. 1-5. 
The 10" thick reinforced concrete deck is designed to act 
compositely with th.e four steel girders. Steel stay-in-place form
s 
are attached to the girders and the deck is cast over the top flang
e. 
Shear connectors are used for the development of composite actio
n. 
On top of the deck, at the edges of the roadway, are two cast 
in 
place concrete parapets. 
The supports.of the bridges consist of hinges at piers 3 
and 4 and expansion bearings.at the remaining piers and abutments. 
. 
0 
5 
1.3 Scope of Vork 
Using finite element modeling techniques, the effects of 
concrete shrinkage were studied. Details of the shrinkage analysis 
can be found in section 2.4. 
The support conditions of the model were as-built, with 
hinges at piers 3 and 4, and the loading sequence followed that of 
• 
concrete placement for the actual structure. 
The second phase of this study examined the effects of the 
bearing conditions on the structure. In addition to the as-built 
condition, two additional fixity cases were analyzed when the steel 
girders were subjected to incremental ~oncrete dead load. The three 
fixity cases were: 
Piers 3 and 4 hinged 
(all others expansion bearing) Condition 1 
Piers 2 and 5 Hinged 
(all others expansion bearing) Condition 2 
Condition 3 Pier 3 Hinged (all others expansion bearing) 
These bearing conditions will be referred to by the 
condition numbers throughout this thesis. 
The stresses from these analyses were then compared to 
those from previous computer analyses that neglected shrinkage and to 
the stresses obtained from the three dimensional model used in the 
shrinkage phase of this study. 
.. . I 
,, 
- . ~ ~ 
• 
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CIIUTEI 2 
PINIT! ELEMENT NOD!LDO 
2.1 Overview of CTSTllUDL 
GTSTRUDL is a finite element structural analysis package 
that is widely used in engineering practice today. It provides an 
engineer with the capability to ~ave the results of an analysis in 
the computer and subsequently recall it for modification. The results 
of the second analysis can then be saved as a separate database. 
One of GTSTRUDL' s most useful features is its graphics 
capabilities. As a pre -processor, these graphics can be used to 
verify that a finite element model has been properly generated before 
an analysis is performed. After an analysis is completed the 
graphics can be used to view items such as the deformed shape of an 
entire structure or the stress contour plot of a single plate element 
within the overall system. 
GTSTRUDL' S database manipulation capacity was utilized in 
this study as a means to use computer time efficiently. An input 
file that generated the bridge structure was created and sent to 
GTSTRUDL for processing. All joint coordinates, 
.::v 
element types, 
properties and incidences were contained in this file. In addition 
material properties that remained constant throughout the various 
phases of the study were stored. These include all properties of 
steel and items such as density for concrete. 
saved . 
7 
The model was then 
• 
JI 
A ••cond input file va• then created which would restore 
the geometry and impose boundary conditions, alter mater la 1 
properties as concrete strength developed and apply additional 
loading when more concrete was placed. The results of analysis were 
then saved in a separate database. Included in this second input 
file were commands instructing what results of the analysis were to 
be sent to the list file. Using these commands the analyst can 
control the amount of output he must manage. If he needs information 
that was overlooked, he can restore the analysis database and extract 
the required values. Since the model did not have to be regenerated 
for an analysis, a large amount of computer time was saved. 
2.2 Description of Model 
Due to the asymmetric nature of the concrete placement 
sequence and accompanying shrinkage in the longitudinal direction, 
the entire structure was modeled for this study. A total of 5840 
joints and 8179 elements were used to define the bridge geometry. 
Because of the complexity of· the model, a plot on a standard size 
. . . 
sheet of paper was not feasible. 
The girder webs were discretized using five degree of 
freedom per node plate bending elements. These elements allowed out-
• 
of-plane displacement as well as the two in-plane displacement 
components and two components Of bending about the plate edges. The 
model accounted . for changes in web and flange geometry and the 
presence of cross-bracing. Each gir~r used 291 elements to represent 
the webs for a total, of 1164 elements ·for the four girders. , 
'f 
/ 
.. 
• I 
I 
I 
I 
The flanges were repreaented by twelve degree of freedom 
beam or "space frame" elements. Three displacements and three 
rotations are permitted at each of the element ends. The beam 
elements were assigned the cross-sectional properties of the 
individual flange plates. Each flange line contained 291 elements, 
once again accounting for changes in girder geometry. 2328 elements 
'· 
• 
were used for the eight flange lines. 
The study focuses upon the global behavior of the bridge 
under construction loads. Because the loads were symmetrical in the 
transverse direction of the bridge, it was determined that the cross-
bracing had a minor effect upon the magnitudes of the forces and 
displacements under consideration. Therefore, certain liberties were 
taken with the modeling of diaphragms. 
At the abutment diaphragms, the channel section component 
was neglected as was the SxSxl/2 angle section that spanned between 
the connection plates of adjacent girders at each of the intermediate 
and pier diaphragms. In addition, if the cross-bracing was located 
near a change in girder geometry the cross -bracing was placed to 
coincide with the change. Space truss elements were used to model the 
bracing and were assigned the properties of a 4x4x3/8 angle section. 
A total of 318 space truss elements comprise the cross-bracing 
system. 
The deck slab was represented using 3201 five degree of 
freedom per node plate bending elements. A feature of GTSTRUDL is 
the ability to designate elements as . "active" or "inactive". An 
"inactive" element is not considered in the assembly of the structure 
9 
• 
• 
1tiffneas matrix. fl'lus, while 3201 element• were uaed to represent 
the deck, only those that described the slab sections which had been 
previously placed were included in the structure stiffness matrix. 
A complete discussion of the element• and their properties 
can be found in Reference (9). 
The 28 day strength of concrete was determined to be 4500 
psi. The modulus corresponding to this value was calculated using the 
expression [7]. 
E =57 OOO(f' )112 
C ' C 
(1) 
According to Pennsylvania Department of Transportation 
specifications, the concrete used in bridge decks must attain 80% of 
its intended strength within twenty-four hours. The development of 
concrete strength was assumed to be linear between 24 hours and 28 
days. As a result, the concrete modulus was adjusted to the 
appropriate value for elements that represented previous placing of 
concrete. 
Composite action between the deck and the steel members was 
achieved by connecting the deck plate elements to the girder by way 
of elastic links. The elastic links were beam elements made 
sufficiently stiff such that the relative displacement in the 
longitudinal direction between the girders and the deck was minimal. 
The links have a length of 9 inches. This length corresponds to the 
distance between the top of the girders and the mid-dep-th of the 
deck. 
10 
The boundary condition• of the model were repreaented by 
apecifying the appropriate joints as supports and then releasing the 
corresponding degrees of freedom. 
2.3 Loading Conditions 
The loadings considered for analyse• were the weight of 
concrete and the shrinkage force•. The structure was analyzed for 
these loadings independently and the results were superimposed to 
obtain the combined effort. 
The uniformly distributed weight of the concrete section, 
when placed, was converted to equivalent nodal loads. These nodal 
forces were then applied to the girders. 
The shrinkage strains for free standing concrete were 
obtained from the expressions: 
and 
where 
and C • lS 
-6 
E5 h=(0.15t)(100.0 X 10 ) 
E h=(t/35+t)E h 
s s u 
t>7 days 
-6 Eh =C(780.0xl0 ) 
s u 
a correction factor [ 7] . 
1 day<t<7 days (2) 
(3) 
(4) 
By applying the principles of elementary mechanics of 
materials, the composite shrinkage strain of a deck element was 
calculated using an average area of steel reinforcing bars and the 
In cross-sectional area of concrete wit1'jn the element's boundaries. 
calculating the composite shrinkage strain two assumptions were made: 
11 
,. 
,, 
longitudinal direction and 
i• uniform within the deck element, and 
2) Shrinkage is restrained only by the girder 
Similar assumptions were used by Gilbert in the atudy of 
time dependent effects on composite sections (8). 
The strain was then multiplied by the elastic modulus of 
• 
concrete and the deck thickness to obtain a force per unit length. 
This value was used to calculate nodal forces that were applied to 
deck nodes to simulate shrinkage. 
2.4 Analysis Procedure 
Since the structure stiffness changed with each placement 
of concrete, it was necessary to calculate stresses in the bridge 
components in an incremental fashion. For each increment, only the 
weight of the fresh concrete was considered. The resulting stresses 
from analysis were then added to those obtained from the previous 
analysis. Thus, the cumulative stress due to placement of concrete 
was obtained. Each shrinkage load consisted of the total shrinkage 
up to that day. The results for the shrinkage loading were then 
added to the cumulative concrete placement stresses to arrive at an 
up-to-date stress condition. 
This procedure assumed that all of the materials remained 
within their elastic region and, thus, the principle of superposition 
is valid. The computed stresses were then compared with the 
corresponding measured stresses and with those obtained from previous 
computer analyses that did not conslllt shrinkage. 
12 
GDJ>II STUISU COIIPUTID WITHOUT COR8IDDDO 8BllIIIAOI 
3.1 Tvo and Three Di111en1ional Analy••• 
The stresses in the girders of the bridge during placement 
of concrete were computed independent of this study by using 
commercially available computer p~ograms. These programs assumed the 
bridge structure to be a two-dimensional grillage, and the effects of 
concrete shrinkage were not considered. The results from these 
analyses are by and large the same. Those from the program STRESS 
are compared with the results of this study here. 
A two dimensional grillage model consists of beam elements 
arranged in a grid. Each element in the longitudinal direction is 
assigned the section properties of the girders. These properties are 
adjusted as sections become composite. The beam elements in the 
transverse direction are assigned stiffness properties equivalent to 
those of the deck slab. In this type of analysis an effective width 
for the deck must be assumed, whereas the three dimensional finite 
element model of this analysis does not need to make such an 
assumption. 
The approximate locations of the girder components will be 
referenced by numbers and letters. For example, 312T indicates span 
number 3, girder number 1, 2nd quarter point of the span and the top 
flange 'T'. 
I 
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In thi• chapter the dead load atr••••• due to placement of 
concrete from the two computer models will be compared to the 
measured stress values. 
3.2 Middle of Span 3 
3.2.l Exterior Girder 
Table 3-1 shows the atreaaes in the top flange of exterior 
girder 1 at mid-span 3. 
The three stress values in the table are from the 3-
dimensional model, the grillage analysis and the field measuremen
t. 
As can be seen from the table, results from the two computer mode
ls 
differ by a maximum of 101. This happens on day 9 when the secon
d 
placement of concrete in the positive moment region of span 4 occ
urs 
(see Fig. 1-1). Overall, the results from the 3-D model differ by a 
few percent from the 2-D grid model, with a mean of 0.81%. 
On the other hand, the computed stresses at location 312T 
by both computer models neglecting the effects of concrete shrinkag
e 
are significantly below the actual stresses from measurement. T
he 
highest difference is 43%, with a mean of about 28%. 
occurs on day 9. 
This also 
The changes of the three stress values with the days of 
concrete placement appear in Fig. 3-1. The dotted line represe
nts 
the measured stress values; the dashed line is for the stresses fro
m 
the grid model and the solid line indicates the results from the 3-
D 
model, both neglecting shrinkage. 
and computed values is evident. 
The difference between measured 
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At the bottom flange of thi• girder, location 312B, the 
computed and measured stress values are in fairly good agreemen
t, 
particularly during the first half of the deck concrete placement.
 
Fig. 3-2 shows the stress versus day nU11ber plot for location 312B. 
The corresponding data points are listed in Table 3-2. The mean 
difference between computed values is 2.51. The 3-D model stresses
 
. 
exceed the measured values by an average of 10.61 while the grillag
e 
model stresses average 13. 251 greater than the field measuremen
ts. 
The difference between computed and measured values is great
est 
towards the end of construction. 
3.2.2 Interior Girder 
The stress values for the top flange at the midspan of an 
interior girder, location 322T, are presented in Table 3-3. Here
 a 
larger discrepancy exists between the two computer models. The 3
-D 
model gives higher stresses throughout the entire period. This m
ay 
be due to the effective width assumption necessary in the grilla
ge 
model. In this case the 120 inch effective width assumed accordi
ng 
to design provisions could be too large. This would, in effec
t, 
produce smaller computed stresses in the top flange of the girde
r. 
The 3-D model yields results that are 9% to 201 greater than those by
 
the grillage model. The comparison of these data can be found 
in 
Fig. 3-3. Similar to the condition of the exterior girder, both t
he 
2-D grillage model and the 3-D model underestimate the actu
al 
stresses. 
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The reaulta of coaputed atr••••• for the bottom fl
ange, 
location 322B, indicate that the 3-D model and th
e grillage model 
both provide good estimate of the behavior of the 
actual structure. 
Thi• i• evident in Fig. 3-4. The results of the grill
age model fall 
below those from the 3-D model. Again this may be
 attributed to the 
effective width assumption of the grillage model. 
However, the data in Table 3-4 show that, when the 
effects 
of shrinkage are neglected, the grillage model some
how gives a closer 
estimate of the bottom flange stresses in this span
 than does the 3-D 
model. On average, the 2-D model yields stress
es that are about 
equal to the measured values while the 3-D model 
generates stresses 
which are about 121 higher. In general, for th
e positive moment 
region of span 3, the computed stress values of th
e 3-D model match 
more closely to the measured ones than do the stres
s values of the 2-
D grid model. 
3.3 Girders Over Pier 
3.3.1 Exterior Girder 
Location 310 is over pier number two. As such, th
e cross 
section is subject to negative bending moments, and the effects 
of 
new concrete in both neighboring deck spans are ex
pected to be more 
noticeable. 
Table 3-5 shows that, at the top flange, the two c
omputer 
models correlate quite well. The· 3-D model resu
lts average 8.12% 
lower than the values of the 2-D grillage mod
el. The maximum 
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variation, of 12.81, occurs on clay 8 during the placement of concrete 
in the positive moment region of span 2. 
When the three dimensional model result• are compared to 
the measured values, the percentage of difference varies as the 
placement of concrete progresses. It can be seen that the stress 
magnitudes generally increase with the number of days. On day 19, 
when the concrete is placed in the negative moment region over pier 
4, the top flange stress was high and the difference between the 
computed and measured values is less than 11. The overall difference 
is about 131. The two dimensional grillage model offers somewhat 
better results. A plot of the data contained in Table 3-5 can be 
found in Fig. 3-5. 
At the compressive bottom flange of the exterior girder, 
the computer models overestimate stresses slightly throughout the 
entire placement sequence of the concrete deck. The computed and 
measured stresses are listed in Table 3-6 and are plotted in Fig. 3-
6. The 3-D model provides stresses slightly lower than those by the 
. 
2-D grillage model, thus closer to the actual value. 
It should be noted that, although the percentage of 
difference between computed and measured stress values are listed for 
reference, and the mean and standard deviation are also listed in the 
tables, the magnitude of the stresses must be considered as well. 
For example, the 120% difference between the 3-D model stress and 
measured value of Day 1 in Table 3-6 amounts to only 0.90 ksi. At 
day 16, a difference of 0.97 ksi is equivalent to a 101 difference. 
Overall, both computer models- provide satisfactory estimates. 
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3.3.2 Interior Girder 
Table J - 7 contain. the computed and ••••ured top flange 
1treaa values for an interior girder at pier number two. A graphic 
representation of the data appears in Fig. 3-7. 
As for the exterior girder, both computer models provide 
adequate estimates of stresses. For this location, the three 
• 
dimensional model stresses are somewhat greater than those computed 
from the 2-D model and both models generally give stress values 
slightly higher than the measured values. At day 16, the 3-D model 
without considering shrinkage of concrete provides a stress of 13.9 
ksi, that from the 2-D model is 13.1 ksi, and the measured 13.8 ksi. 
These results are definitely satisfactory. 
The bottom flange stresses from both model analyses differ 
very slightly. The data are given in Table 3-8 and are plotted in 
Fig. 3-8. The mean difference is 7.361, with a percentage of 4.1 at 
the maximum stress value at Day 20. 
Both of the computer models overestimate the measured 
stress levels throughout the stages of deck construction. At day 16, 
when the measured stress is 10.7 ksi, the exceedance for the grillage 
analogy is 13.71. The corresponding difference is 16.51 for the 3-D 
model. The excellent qualitative agreement between the computed and 
measured stresses· is obvious by examining Fig. 3-8. 
3.4 Midd!e of Span 4 
, 
·./ 
For mid-span 4, the measured stress values were available 
only for an interior g·irder at location 422. This location is at the 
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middle of the entire bridge and concrete va1 placed here on day 1. 
The computed atreaaea and measured stress data are listed in Table• 
3-9 and 3-10 for the top and bottom flange, respectively. The 
•treaaes are also plotted in Figs. 3-9 and 3-10. 
In comparing the results of the two computer aimulationa, 
it is found that the 3-D representation gives stresses in the top 
flange that average 21.11 higher than those from the 2-D grid model. 
For the final stage of deck placement the top flange stress 
difference is 26.41. 
When the computed top flange stresses are compared to the 
measured stresses, the three dimensional model underestimates the 
actual stresses moderately and the grillage model significantly. 
Figure 3-9 illustrates these results graphically. The patterns of 
stress change with time are the same for the computer models but are 
different from the pattern of the measured stress. 
At the tensile bottom flange, the computed stresses are 
higher than the measured stresses. This can be seen in Fig. 3-10. 
Depending on the day of deck construction, the overestimate of 
stresses can be quite high. 
Comparison of the two computer models shows that the 3-D 
model stresses are generally higher than those obtained from the 2-D 
grillage analysis, except at day 9. While the grillage model appears 
I 
to agree qualitatively around this day in the pattern of measured 
stress-time variation, the 3-D model does not. And the pattern of 
\ 
measured stress change for other days are different from those from 
19 
;'. J. 
' r . (• . 
r,i"-
\~. 
~-
\ 
the computed on••. Thi• •ituation for the bottom flange i1 
con•i•tent with that of the top flange•• shown in Fig. 3-9. 
3. 5 S•1mm1ry and Diacuaaion 
By examining carefully the reaulta of the two computer 
model analysis, and by comparing the computed stress with the 
measured values, the following observation and discussion can be 
• 
made. 
(1) The two computer models provide estimated stresses 
which compare quite well. The two dimensional grillage model depends 
on design assumption for the effective width of concrete deck and 
condenses properties of girders along their centroidal axes. The 
three dimensional model does not impose these restrictions. 
Furthermore, the grillage model assumes that full composite action 
between the deck and the girders is developed after two days, whereas 
for the 3-D model the elastic modulus value of twenty-four hour 
strength is used with the concrete strength modified thereafter. In 
spite of these differences, the two models estimated the same 
qualitative variation of stresses both at midspan and over a pier. 
The 
4. 
only location r~ere the results differ is at the middle of span 
Span 4 has fixed bearings at both ends, which may have strong 
influence on the results of the models. 
(2) In comparing with measured stresses, it is found that, 
to a different degree, both computer models underestimate the 
compressive stresses in the top flange at the middle of span and 
\ 
overestimate the .compressive stresses in the bottom flange at piers. , 
20 
' 
' 
Underestimate of compreaaive atr••••• in th• top flange during deck 
construction could be a serious matter. 
(3) While the evaluation of the computer model atr••••• can 
be made through the examination of the percentage difference, the 
comparison of computed and measured stresses on a percentage basis 
must be taken with caution. 
should also be examined. 
The difference in stress magnitudes 
(4) No shrinkage of concrete has been incorporated in the 
computer analysis. The possible effects of shrinkage are examined in 
the next chapter. 
.. 
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IFP!CTS OP CONCRETE SHltINlAG! DtJaIIIC DICI COISTROCTIOI 
4.1 Introduction 
This chapter examines the effects of concrete shrinkage on 
the stresses in the steel girders during construction of the deck. 
The dead load stresses are comp\lted using the 3-D finite element 
model with the shrinkage incorporated. The results are compared with 
those from chapter 3 (without shrinkage) and the measured stresses. 
~ 
For this chapter the location designation will follow the convention 
as used in chapter 3. However, the stress-time plots have the 
following legend: the dotted line will represent measured stress 
values, the dashed line will depict stresses obtained from the three-
dimensional model neglecting shrinkage and the solid line will 
describe the results of the same model including the effects of 
shrinkage. 
4.2 Middle of Span 3 
4.2.1 Exterior Girder 
Table 4-1 contains the computed results and measured data 
for the top flange at position 312, the second quarter point of 
girder 1 in span 3. The three columns of values are, respectively, 
J,3-D model dead load stresses, 3-D model dead load and shrinkage 
stresses, and measured stresses. 
·From the stress values in this table, it is found that the 
effect of concrete shrinkage is to increase the compressive stress in 
the top flange, by an average of 39% of the dead load values that 
22 
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neglected ahrinkage. '11\i• bring• the computed atr••••• clo•• to the 
measured values. Figure 4-1 shows a plot of the atreaaea at location
 
312T. It can be •een by comparing the atreaa-time line• that the 3
-D 
model with shrinkage provides good results. There is still a 
difference between the shrinkage-included values and the measu
red 
stresses, but such a discrepancy could be attributed to factors su
ch 
. 
as the assumption of uniform area of reinforcing steel throughout 
the 
entire length of the bridge, the difference is actual and assum
ed 
concrete strength, and thermal fluctuation during the constructi
on 
period. 
At the bottom flange of span 3, it can be seen from Fig. 4-
2 that the three curves lie almost on top of one another for m
ost 
days. The curve for the shrinkage-included computation also close
ly 
corresponds to the measured stresses during the later part of t
he 
deck placement when the cumulative effects of concrete shrinka
ge 
exist. The data for Fig. 4-2 can be found in Table 4-2. 
4.2.2 Interior Girder 
Table 4-3 contains the three stress values for the top 
flange of an interior girder at mid-span 3. A graphic representatio
n 
of these data can be found in Figure 4-3. At this position, th
e 
stresses from the finite element analysis without shrinka
ge 
underestimate the measured values. With the consideration 
of 
shrinkage, this condition is corrected. As can be seen in Fig. 4-
3, 
the shrinkage-included stress values begin to exceed the measur
ed 
values on day number 10. This coincides with.the second placement of 
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concrete in the poaitive aoaent region of apan 3. On thi1 day the 
combined dead load and shrinkage stress is approximately 31 higher 
than the. measured value. The analytical result of 12.97 ksi 
represents a 201 increase in stress over the concrete dead load value 
'· 
of 10.81 ksi. 
The new results for the tensile bottom flange of this 
. 
interior girder correlate quite well with the measured stresses. 
This is depicted in Fig. 4-4 for location 322B. At this position 
the finite element model including the effects of shrinkage generates 
stresses that almost coincide with the field data. The reduction in 
tensile stress towards the completion of the deck construction is 
also in full agreement with the condition in the exterior girder of 
Fig. 4-2. Table 4-4 lists the stress values for position 322B. 
4.3 Girders Over Pier 2 
4.3.l Exterior Girder 
Figure 4-5 illustrates the difference between ~e computed 
and measured stresses at the beginning of span 3 at pier 2. The 
corresponding data are listed in Table 4-5. Without considering 
shri~kage, the finite element model underestimates the measured 
stresses. 
The shrinkage-included analysis provides similar 
magnitudes of cpmputed stresses, but the difference from the actual 
values is smaller towards the end of construction. 
At the bottom flange near the bearing, at position 310B, 
the computef model yields stresses that are consistently greater than 
This result is summarized in Table 4-6 and 
the measured values. 
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• 
plotted in Fig. 4-6. The inclu.aion of ahrinkage in th
e analysis 
decreaae• the difference over the the latter pa
rt of deck 
construction with the computed and measured stress being e
qual at the 
very end of the concrete placement. 
At the pier, the inclusion not 
... 
change the computed stresses within the girder flange
s much. The 
average difference between the computed top flange stre
sses is just 
over 11, and is 2.771 for the bottom flange. This indicat
es that, at 
the piers, the effects due to shrinkage are relatively m
inor. 
4.3.2 Interior Girder 
At the top flange of the interior girder over pier 2, 
the 
three dimensional model yields results which are grea
ter than the 
measured stress values. These data are presented in T
able 4-7 and 
Fig. 4-7. Over the period of concrete placement, the 
difference is 
relatively small and the pattern of stress change is wel
l represented 
by the results of the finite element analysis considerin
g shrinkage. 
The highest difference occurs at the end, with a 23. 6% 
overestimate 
of stress in the top flange. 
The computed stress values at the bottom flange of 
the 
interior girder do not compare with measured stresses as
 well as the 
top flange. The computed stresses are higher tha
n the measured 
values by 1 to 2 ksi during the early stages of d
eck concrete 
placement, and by 2 to 3 ksi towards th'e end when 
the measured 
stresses were about 11 to 12 ksi. The data for location
 320B can be 
found in Table 4-8 and is represented graphically .in Fig
. 4-8. 
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When the combined dead r••ult• are 
compared to the dead load values, it i• obviou• that shrinkage has 
very little effect upon streaaea at the pier at the beginning of the 
placement sequence, but the influence of ahrinkage increases with 
time during the construction. 
4.4 Interior Girder at Middle of Span 4 
Table 4- 9 presents the top flange stresses from the three 
dimensional model with and without inclusion of shrinkage and from 
measurement. The values in Table 4-9 are plotted in Figure 4-9. 
As can be seen from the table and the figure, the 3-D model 
including shrinkage represents the actual condition fairly well. The 
measured stresses appear to fluctuate from day to day, yet the 
pattern of change is generally described by the computed values. The 
largest difference is about 4 ksi, or about 25% of the dead load 
stresses, during the initial days of slab placement. 
As the concrete placement progresses, the difference 
between the two computed cases increases. The combined dead load and 
shrinkage stresses average 20. 2% greater than the dead load alone. 
The maximum difference occurs on day 20 when the total stress is 
33.3% greater than the dead load stress. Without considering 
shrinkage, the computer model underestimates the actual stress by a 
.. 
fairly large amount. 
For the bottom flange of position 422, at the very middle 
of the continuous span and between the two fixed bearings, the 
computed stresses are in very good agreement, but are considerably 
A 
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greater than the values obtained from atrain gage•. Aa 1• evident 
from Table 4-10 and Fig. 4-10, shrinkage increases the atr••• levels 
in the bottom flange throughout the entire period, but does not 
provide explanation of the difference between computed and measured 
values. 
4. 5 S•smmary and Diacuaaion 
By considering the shrinkage of concrete, the computed 
stresses are generally closer to the measured values than those 
stresses computed without considering the effects of shrinkage. In 
some locations, there still exists a relatively large difference 
between the three dimensional model stresses and the measured values. 
As it has been indicated in Section 4.2.1, the possible causes for 
these differences include the assumption of uniform deck 
reinforcement, concrete strength, and thermal fluctuation during the 
deck placement period. Additional concrete due to sagging of the 
steel deck form and the weight of the concrete placing equipment may 
also provide a minor contribution to the measured values. 
In the positive moment region of span 3, a significant 
increase in stresses in the top (compression) flange results from 
the addition of shrinkage effects. The bottom flange stresses are 
correspondingly decreased. In other words, without considering 
shrinkage of the concrete, the top flange stresses, and the 
compressive stresses in the upper portion of the web are 
underestimated. 
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At a pier, the computer model overestimates the compressive 
bottom flange atr••••• slightly and the effect of shrinkage is not 
aignificant. In the tensile top flange, the atreaa magnitude ia 
underestimated slightly in the exterior girder but slightly 
overestimated in the interior girder. 
In span 4, the bearing arrangement renders the bottom 
flange of the girders fixed against longitudinal expansion or 
contraction. As a result, the measured stresses fluctuated as 
concrete placement progressed. The bottom flange stresses at midspan 
differ drastically from those estimated by computer model, with or 
without consideration of shrinkage. Examination of the stresses in 
the top and bottom flanges on two different days reveals that the 
location of the girder's neutral axes of bending, however, agree 
quite well between the computed and measured stress conditions. This 
is depicted in Figs. 4-11 and 4-12. An examination of the influence 
of bearing fixity appears necessary . 
.. 
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IFFICT or BIWlING FIXITY 01 OIIDII sn1ssu 
5.1 Introduction 
The second phase of the atudy examined the effect• 
of the 
location of the fixed bearings upon girder stresses. 
As indicated in 
Chapter l, it is thought that the arrangement of 
the supports may 
• 
have contributed to the development of addition
al stresses and 
relatively large lateral deflection of girder we
b plates. The 
adjacent "hinges" at piers 3 and 4 prevent the bottom flange from
 
expanding when span 4 is subjected to downward vertical loads i
n 
between the piers. This restraint against longi
tudinal movement 
(provided by the hinges) introduces axial forces and bending mo
ments 
to girder cross sections within the span. 
To examine the effects of the restraint between
 fixed 
bearings, three sets of conditions were imposed o
n the analytical 
model of the study: 
1) Piers 3 & 4 hinged (as built) 
2) Piers 2 & 5 hinged 
3) Pier 3 hinged 
The three cases were analyzed when the bridge girder
s were 
subjected to concrete dead load alone. Shrinkage of concrete was no
t 
considered in this phase of comparison. 
Because the stresses in the steel girders are the s
ubject 
of interest of this study, the computed forces and be
nding moments at 
cross sections of the steel girders were examined. 
A linear stress 
29 
\ 
• 
diatribution wa• aaaumed through the depth of the ateel girder. The 
axial forces and bending moments with respect to the geometric 
centroid of the steel girder were evaluated and compared. 
In the resulting plots of atreaa veraua day• of 
construction, the solid line represents values obtained from the as-
built bearing arrangement. The dashed and dotted lines depict n 
results for fixed bearings located three spans apart (condition 2) 
and for one fixed bearing only (condition 3) respectively. 
5.2 Middle of Restrained Span 
5.2.1 Exterior Girder, Location 412 
Table 5-1 s,,mmarizes the stresses in the top flange at 
position 412, computed according to the three bearing fixity 
conditions. Figure 5-1 presents a graphic comparison of the stresses 
for 412T. 
On day 9, when slabs SE and SW were placed, fixity 
condition 2, with a fixed bearing at piers 2 and 5, provided the 
greatest reduction in stress in the top flange. The computed top 
flange stress is -11.812 ksi, a 11.6% reduction from the "as-built" 
computed value of -13.361 ksi. The single hinge case produced a top 
flange stress of -12.385 ksi. 
Overall, the three conditions of bearing arrangement did 
not result in much difference in top flange stress in span 4. In the 
bottom flange, however, the influence is quite large. 
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Th• reault• of cOlll)uted atr••••• for the bottom flange of 
po•ition 412 are li•t•d in Table 5-2. The •tre•• values are plotted 
in Fig. 5-2. 
At thi• location, on day 9, an increase occur• in computed 
•tr••• from 7.267 ksi to 12.683 ksi for condition 2 and to 11.45 kai 
for condition 3. This was expected due to the removal of restraint 
at the bearing of piers 3 and 4. The same phenomenon also takes 
place on day 1 when concrete was placed in this span, although the 
magnitude of stresses are lower. 
On the majority of the other days of concrete deck 
placement, the relaxation of fixity at the adjacent piers reduces the 
tensile stress in the bottom flange. The reduction is about 1.5 to 
2.5 ksi, or about 151 to 301 of the as-built computed values . 
.. 
5.2.1.2 Girder Moment and Axial Forces 
By assuming a linear distribution of bending stresses 
between the top and bottom flange of the steel girder cross section, 
the incremental stress distribution and th~ total, or cumulative, 
stress distribution are drawn from the computed results of the as-
built condition. Some of these stress gradients are shown in Fig. 5-
3. The general pattern of total stresses is the same throughout the 
period, with compression in the top flange and tension in the bottom. 
However, the incremental stress distribution changes drastically from 
day to day. For most days, the location of the neutral axis of the 
incremental stresses is completely outside of the section. This 
phenomenon 'indicates the presence of an axial force acting on the 
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ate91 plate girder. Table 5-3 •hov• the incre .. ntal and cuaulative 
axial force and bending moment for each day. In addition, the 
locations of the neutral axes with respect to the bottom flange are 
listed. 
On day 1 concrete was placed directly above the cross 
section, the location of the neutral axis is found to be JO.J• above 
. 
the bottom flange, about 3 inches below the geometric centroid of the 
girder. Since composite action had not yet developed at this 
section, it is expected that the neutral axis would shift away but 
remain close to the centroid as the result of axial forces from the 
fixed bearings at the piers. 
On the second day of deck construction, concrete was placed 
in the positive moment region of span 5, an adjacent span. This 
loading would generate a negative incremental bending moment in the 
middle of span 4. But the restraint developed by the supports at 
piers 3 and 4 is sufficient to develop a incremental tensile stress 
distribution in the entire steel section. An incremental, centroidal 
• 
force of +50. 86 kips was computed for this lo·ading increment, and the 
associated incremental bending moment was found to be about -3500 
kip-inches. The neutral axis for the incremental stress is more than 
35 inches below the bottom flange. 
Additional placement of concrete in the spans of the bridge 
causes incremental compressive or tensile stresses in the cross 
section at location 412. The computed axial forces are listed in 
Table 5-3. 
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A con•iderable drop in the .. gnitude of the computed axial 
force was noticed when the fixed bearings are moved to piers 2 and 5 
(condition 2) placing the bearing fixity restraint at a distance of 3 
spans. 
On day l an axial force of +5.43 kips is produced by the 
concrete in span 4, in comparison to a -45.38 kip force for the as-
built condition. 
-Xhe axial forces, bending moment, and locations of neutral 
axis are presented in Table 5-4. With little support restraint, the 
neutral axis location is at the geometric centroid. 
On day 5, the placement of slab section 2E in span 5 
generates a 73.31 kip compressive force in the fascia girder at mid 
span 4. For the corresponding stress increment in the girder cross 
section, the neutral axis appears to be closer to that expected for 
the composite section. Figure 5-4 depicts several stress increments 
and daily accumulations of bending stresses. 
It was not possible to determine the geometric centroid of 
the composite section without assuming an effective width for the 
concrete slab. This would introduce design assumptions in the 
computed values and in the comparison of results. The adequacy of 
the computer model has been demonstrated in chapters 3 and 4. Thus, 
a comparison between the ·results of the three bearing conditions 
would provide appropriate indication of their effects. 
Comparison of Tables 5-3 and 5-4 and of Figs. 5-3 and 5-4 
indicates that the incremental stresses are significantly affected by 
the bearing conditions, as are the corresponding girder axial forces 
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and momenta. 11\e cumulative 1tre••••. however, are only influenced 
moderately. The largest tensile axial force and positive bending 
moment in the steel girder for bearing condition 2 occurs on day 9, 
which produces the highest difference in the total or cumulative 
a tresses between the bearing conditions, •• it ha,r been depicted in 
Figs. 5-1 and 5-2. 
Further relaxation of bearing fixity to a single hinge at 
pier 3 provides the bridge spans the capability to expand and 
contract freely during deck construction. No axial force in the 
composite section is expected. For the steel girder alone, however, 
axial forces still develop as concrete is placed. These forces, the 
corresponding bending moments, and the locations of neutral axis of 
the incremental stresses, are given in Table 5-5. 
distributions are presented in Fig. 5-5. 
The stress 
By and large, bearing conditions 2 and 3 produce similar 
total stresses in span 4 over the course of deck placement. The 
incremental stresses, on the other hand, still differ between the two 
conditions. Again, the largest axial force in the steel girder, in 
terms of absolute value, occurs on day 9 when the second placement of 
concrete was made in the positive moment region of span 4. The 
greatest compressive axial force is produced on the next day when 
concrete was placed in the positive moment region of span 3. 
The incremental moment for these two days are almost equal 
in magnitude and opposite in direction. This is quite different from 
the situation for the as-built condition as shown in Table 5-3. 
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5.2.2 Interior Girder Location 422 
5.2.2.1 Flange Stre•••• 
Altering the bearing condition• change• th•)•tr••••• in the 
top and bot tom flange of the interior girder to the a1111e extent aa 
that for the exterior girder. The computed atresses in the top and 
bottom flange appear in Table 5-6 and 5-7 respectively. These values 
• 
are graphically represented in Figs. 5-6 and 5-7 respectively. 
By removing the restraint to longitudinal movement at piers 
3 and 4, the tensile stress in the bottom flange of span 4 is 
increased on day 1 and day 9, when concrete was placed within the 
span. The corresponding top flange stress was reduced. The 
relaxation of fixity is not much different between bearing condition 
3 and condition 2. The overall change of bottom flange stress is 
greater on day 9. At the completion of placement of the concrete 
deck, the computed bottom flange stress is 10.273 ksi, 9.072 ksi, and 
8.617 ksi, respectively for bearing conditions 1, 2 and 3. 
5.2.1.2 Girder Moment and Axial Forces 
Similar to the situation of the exterior girder, the 
incremental stresses between successive days of concrete placement 
change drastically for the interior girder in span 4 of the as-built 
bearing condition. The incremental stress gradient and the 
cumulative stress distribution pattern for selected days are shown in 
Fig. 5-8. The neutral axis of the incremental stresses, the axial
 
-
forces in the steel girder acting at the centroid, and the 
corresponding bending moment are listed in Table 5-8. 
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A coapari•on of Table• 5-8 and 5-3. and of Figa. 5-8 and S-
3, reveal• that the computed results are quite aimilar between the 
exterior and the interior girder. Thia is expected since the only 
difference between these girders 1• in the concrete deck above. The 
restraint from the fixed bearings at the adjacent piers causes 
slightly lower axial forces and corresponding moments in the interior 
girder, and slightly higher total, or cumulative, stresses in the 
flanges of this girder. The 11axi11U11 compressive stress in the top 
flange of the girder is 14.808 ksi on day 9; the corresponding 
maximum value for the exterior girder is 13. 361 ksi also on day 9 
when concrete was placed in the span. From this day on, the 
cumulative axial force at the centroid of the steel section remains 
tensile in both the girders. 
The rearrangement of bearing conditions at the piers 
produces moment and axial forces for location 422 which are 
qualitatively similar to those at location 412. 
magnitudes are slightly different for the girders. 
Again, the 
The computed 
results for bearing conditions 2 and 3 are listed in Tables 5-9 and 
, 5-10; the stress gradients are plotted in Figs. 5-9 and 5-10, 
respectively. The highest computed cumulative axial force is +371 
kips and +231 kips for conditions 2 and 3, comparing to +265 kips and 
+240 kips for the· exterior girder, all occur on day 9. 
Between bearing condition 2, with fixed bearing at piers 2 
and 5, and bearing condition 3, with a hinge support at 'pier 3 only, 
the latter produced lower stresses in the bottom flange as well as 
.~ ~ .. 
~- ,. 
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lover axial force• and bending aoMnt in th• •t••l ••ction of the 
interior girder. 
5.3 Middle of Unreatrained Span 
5.3.1 Exterior Girder, Location 312 
The girders in span 3 are not restrained by bearing at 
piers 2 and 3. Pier 2 has an expansion bearing. The moving of the 
fixed bearings from piers 3 and 4 to piers 2 and 5 (condition 2) 
would introduce some restraint to these girders, whereas bearing 
condition 3, with only one fixed bearing throughout the full length 
of the bridge, is not expected to differ much from the as-built 
situation for this span. 
The results of analysis confirmed these assumptions. The 
comparison of computed stress values in the top and bottom flange of 
the exterior girder are given in Tables 5-11 and 5-12, respectively, 
and are depicted graphically in Figures 5-11 and 5-12. The largest 
change in flange stresses due to concrete placement occurs-on days 9 
and 10 when concrete was placed on span 4 an~ span 3. On these days, 
the difference in stresses amongst the three bearing conditions is 
also, relatively, the largest. The maximum difference is about 0.9 
ksi for a stress magnitude of 8 ksi in the bottom flange, or about 
11%, between bearing conditions 1 and 2. 
bearing conditions 1 and 3 is less than 1%. 
The difference between 
Comparison of Figs. 5-11 and 5-12 with Figs. 5-1 and 5-2 
reveals that, while relaxation of bearing restraint increases the 
bottom flange stress of span 4 on days 8, 9 and 10 and decreases the 
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atre•• thereafter. the bottom flange atre•• of apan 3 change• little 
on th••• three days and increases slightly thereafter. Thia 
condition does not appear to be detrimental. Rather, it is 
advantageous in that the stresses in the ateel girders of apan 4 are 
more evenly distributed between the top •nd bottom flanges and, thWI, 
the compression zone of the girder web in span 4 is reduced . 
• 
The incremental stresses and cumulative stresses in the 
flanges of the exterior girder of span 3 for the three bearing 
conditions are presented in Figs. 5-13 to 5-15~ Obviously, the 
changes of pattern of incremental stresses are about the same for all 
three conditions, and are much less drastic than those for the 
exterior steel girder of span 4 (as shown in Fig. 5-3). 
The computed locations of neutral axis, axial forces at the 
steel girder centroid, and the corresponding steel girder bending 
moments are s11mmarized in Tables 5-13, 5-14 and 5-15 for the bearing 
conditions 1, 2 and 3 respectively. It should be reiterated that the 
axial forces and bending moments are not for the complete composite 
girder cross section at the location 312. The centroidal forces and 
moments are avenues only for the comparison of effects of bearing 
conditions. 
5.3.2 Interior Girder, Location 322 
The computed flange stresses at this location for the three 
bearing conditions are listed in Tables 5-16 and 5-17, and are 
graphically presented in Figs. 5-16 and 5-17. The computed 
incremental stresses, axial forces at the steel girder centroid, and 
38 
the correaponding girder moment• are given in Table• 5·18 to 5-20 for 
bearing conditions l, 2. and J reapectively. The incremental 
stresses and cumulative streases in the girder flanges are presented 
in Figures 5-18 to 5-20. 
An examination of Figs. 5-16 and 5-17 with Fig•. 5-11 and 
5-12 confirms the anticipation that the interior girder would behave 
the aame way as the exterior girder when bearing conditions are 
changed. Similarly, the difference in behavior between the interior 
girders of spans 3 and 4 is the same as that fQr the exterior girders 
in the spans. 
S. 4 s,,mmary and Discussion 
From the above results, the following can be s11mmarized: 
(1) The interior and exterior girders in a span of the 
bridge are subjected to similar stresses as the deck concrete 
placement proceeds. The stress magnitudes in the interior girders 
are slightly higher than those in the exterior girders. 
(2) The flange stress magnitudes ~hange according to the 
sequence and location of concrete placement. The effect of the 
bearing condition is generally minor except for span 4 where fixed 
bearings exist at both ends of the span. 
(3) By relaxing the restraint at the end-of-span bearings 
of span 4, the stresses in the flanges are reduced except during the/ 
period when concrete is placed directly over the girders in the span. 
At this time, the bottom flange stress is higher without restraint 
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than vith bearing re1tralnt. 111• change• in top flange atr••• are 
in•ignificant. 
(4) Due to the continuity of the girder•. the relaxation of 
bearing fixity of span 4 also baa effect on the flange atreaaes in 
the adjacent span 3. The total or cumulative atress in the bottom 
flange of span 3 at completion of the deck becomes slightly larger. 
The increase in stress magnitude is about 1 to 1.5 ksi (to about 10 
kai), which is about equal to the decrease of bottom flange atress in 
span 4 (to about 9 ksi). 
These results suggest that, while there are other factors 
which may dictate the locations of fixed and expansion bearings, the 
deck concrete placement sequence (and maybe the sequence of steel 
girder erection) may have to be considered in the determination of 
these locations of fixed bearings. For the bridge of this study and 
the sequence of concrete placement, the computed longitudinal support 
reactions at the hinges are s11mmarized in Tables 5-21 and 5-22 for 
the exterior and the interior girders, respectively. Obviously, the 
relaxation of bearing restraint reduces the longitudinal bearing 
reactions. 
{' 
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CORCLUSI018 AIID ISCOIIIIIIIDATIOWI 
6.1 Introduction 
The objectives of thia atudy were to exuine the effects of 
concrete shrinkage and bearing fixity upon the atresaea of the steel 
girders in the 7-span continuous deck girder bridge. The conclusions 
and recommendations are s,,aaarized in this chapter . 
• 
6.2 Effects of Concrete Shrinkage 
The shrinkage of concrete caused significant increases in 
the stress levels within the top flange at midspan of the girders. 
The stress magnitudes that combine the results of concrete dead 
weight and shrinkage are in closer agreement with the measured 
quantities than are the stress values that neglected shrinkage. 
It is apparent that the additional stresses induced by the 
shrinkage of the deck concrete should not be ignored when continuous 
span bridges are designed and constructed. 
6.3 Effects of Bearing Conditions 
By placing the fixed bearings, or hinge supports, farther 
apart, the severity of the restraint from the supports of span 4 can 
be reduced. With hinges at piers 2 and 5, span 4 would have 
experienced significant reductions in stress levels except when 
concrete is placed within the span. During that period, the stresses 
in the bottom flange of girders of span 4 as well as in span 3 
increased. However, these increases in stress magnitudes are 
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aoderate, but reault in more favorable atr••• diatribution in the 
ateel girder cross sections. 
The condition of having only one fixed bearing (at pier 3) 
for the entire bridge resulted in stress conditions that were very 
close to those obtained for fixed bearings at piers 2 and 5. 
Whereas the examination of the effect of bearing fixity 
provides insight into the quality and quantity of stresses in the 
steel girders, there remains discrepancy between the computed 
stresses for the as-built bearing condition and the stresses by 
measurement from the bridge. It is very likely that the flexibility 
of the piers has a strong influence upon these quantities. 
Experience with continuous girder bridges suggests that the influence 
of temperature could also be a contributing factor. The effect of 
change of ambient temperature, and possibly of heat of concrete 
during hardening, are possible topics for study. 
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IADtE 3-1 
COMPARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE EXCLUDED 
3-D 
(ksi) 
I KEAS. I 2-D 
LOCATION 312T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
-7.913 -3.021 -2.303 
-8.015 -34.303 -2.494 
-8.101 -36.036 -2.162 
-8.054 -33.984 -2.019 
-7.204 -40.537 -6.320 
-6.426 -43.632 -10.000 
-9.696 -26.182 
-9.717 -23.488 
6.784 
4.484 
DAY 13 -9.717 -22.973 4.484 
DAY 14 -9.732 -22.639 4.309 
DAY 15 -9.732 -24.412 4.309 
DAY 16 -9.755 -24.115 3.998 
DAY 19 -9.735 -27.160 4.341 
DAY 20 -9.795 -29.431 3.981 
MEAN -27.994 0.814 
STD. DEV. 9.539 4.818 
.~ II 
,.,_- \. 
2-D I MEAS. MF.AS. 
(kli) (k•i) 
-8.10 -0.735 -8.160 
-8.22 -32.623 -12.200 
-8.28 -34.623 -12.665 
-8.22 -32.623 -12.200 
-7.69 -36.525 -12.115 
-7.14 -37.368 -11.400 
-9.08 -30.872 -13.135 
-9.30 -26.772 -12.700 
-9.30 -26.278 -12.615 
-9.33 -25.835 -12.580 
-9.33 -27.534 -12.875 
-9.38 -27.032 -12.855 
-9.33 -30.191 -13.365 
-9.42 -32.133 -13.880 
-28.653 
8.556 
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3-D 
(ksi) 
IAB1,E 3-2 
COM_PARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE EXCUJDED 
I MEAS. I 2-D 2-D I MEAS. MEAS. 
(bi) (bi) 
LOCATION 312B 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV 
• 
4.768 -3.490 0.795 
4.945 -2.465 -3.606 
5.128 18.157 -3.427 
5.044 -2.437 -1.676 
3.270 -3.824 -3.540 
1.848 68.000 16.962 
8.069 -0.012 1.369 
/ 
8.163 -2.821 -5.848 
8.164 12.762 -5.836 
8.232 1.630 -6.027 
8.232 1.130 -6.027 
8.330 3.607 -6.823 
8.244 21.235 -6.105 
8.525 37.500 -5.801 
10.641 -2.542 
19.734 5.966 
45 
4. 73 -4. 251 
5.13 1.183 
5.31 22.350 
5.13 -0.774 
3.39 -0.294 
1.58 43.636 
7.96 -1.363 
4.940 
5.070 
4.340 
5.170 
3.400 
1.100 
8.070 
8.67 3.214 8.400 
8.67 19.751 7.240 
8.76 8.148 8.100 
8.76 7.617 8.140 
8.94 11.194 8.040 
8.78 29.118 6.800 
9.05 45.968 6.200 
13.250 
15.989 
3-D 
(k•i) 
1.DCATION 322T 
DAY 1 -9.303 
I611,§ 3-3 
COM.PARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE EXCUJDED 
I KEAS. I 2-D 2-D I KEAS. KEAS. 
(bi) (bi) 
9.641 14.148 -8.15 -3.948 -8.485 
DAY 5 -9.417 -14.971 14.007 -8.26 -25.418 -11.075 
DAY 6 -9.489 -20.361 14.188 -8.31 -30.256 -11.915 
DAY 7 -9.440 -14.104 14.286 -8.26 -24.841 -10.990 
DAY 8 -8.733 -20.027 12.105 -7.79 -28.663 -10.920 
DAY 9 -7.947 -26.177 9.012 -7.29 -32.281 -10.765 
DAY 10 -10.805 -14.178 20.861 -8.94 -28.991 -12.590 
DAY 12 -10.826 -13.427 18.446 -9.14 -26.909 -12.505 
DAY 13 -10.826 -15.024 18.446 -9.14 -28.257 -12.740 
DAY 14 -10.839 -14.687 18.201 -9.17 -27.824 -12.705 
DAY 15 -10.839 -17.949 18.201 -9.17 -30.583 -13.210 
DAY 16 -10.852 -17.881 17.828 -9.21 -30.306 -13.215 
DAY 19 -10.834 -19.569 18.275 -9.16 -31.997 -13.470 
DAY 20 -10.880 -21.614 17.876 -9.23 -33.501 -13.880 
MEAN -15.738 16.134 -27.413 
STD. DEV. 7.857 3.102 6.942 
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3-D 
(ksi) 
TAD1£ 3-4 
COMPARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE EXCLUDED 
I MF.AS. I 2-D 2-D I MF.AS. MEAS. 
(ui) Cui) 
LOCATION 3228 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
5.721 0.196 15.814 
5.924 -2.566 10.729 
6.078 17.563 9.711 
5.992 -1.447 12.000 
4.409 4.232 22.472 
3.036 67.735 75.491 
8.854 3.314 12.646 
8.957 -1.246 4.151 
8.958 12.538 4.163 
9.023 2.070 3.952 
9.024 4.565 3.963 
9.097 6.149 2.907 
9.005 20.710 3.744 
9.356 38.607 4.888 
12.316 13.331 
18.807 18.110 
47 
4.94 -13.485 
5.35 -12.007 
5.54 7.157 
5.35 -12.007 
3.60 -14.894 
5.710 
6.080 
5.170 
6.080 
4.230 
1.73 -4.420 1.810 
7.86 -8.285 8.570 
8.60 -5.182 9.070 
8.60 8.040 7.960 
8.68 -1.810 8.840 
8.68 0.579 8.630 
8.84 3.151 8.570 
8.68 16.354 7.460 
8.92 32.148 6.750 
-0.333 
12.637 
• 
,, 
} 
,. I6111 3 • 5 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE EXCLUDED 
3-D 
(bi) 
I MF.AS. I 2-D 2-D I KEAS. MEAS. 
(bi) (bi) 
LOCATION 310T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
1.853 
1.988 
6.809 -2.977 
2.225 -9.211 
1.691 -20.630 -6.598 
1.629 -32.389 -3.011 
4.934 -14.412 -12.824 
3.778 -15.770 -7.181 
8.915 -7.994 -7.613 
1.91 10.086 
2.19 12.596 
1.810 -15.023 
1.680 -30.290 
5.660 -1.821 
4.070 -9.253 
9.650 -0.413 
1.735 
1.945 
2.130 
2.410 
5.765 
4.485 
9.690 
8.970 -16.289 -10.572 10.030 -6.393 10.715 
8.970 -19.153 -10.568 10.030 -9.599 11.095 
8.822 -19.217 -10.623 9.870 -9.615 10.920 
8.822 -18.089 -10.620 9.870 -8.357 10.770 
11.431 -20.564 -7.443 12.350 -14.177 14.390 
11.407 -0.93~ -7.258 12.300 6.817 11.515 
11.463 -7.887 -7.179 12.350 -0.763 12.445 
-13.164 -8.120 
10.124 2.751 
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-5.443 
10.761 
/ ( 
I68I,E 3-6 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE EXCUJDED 
I MEAS. I 2-D 2-D I MIAS. NF.AS. 
(kai) (bi) 
I.DCATION 3108 
DAY 1 -1.654 120.499 -0.973 -1.67 122.667 -0.750 
DAY 5 -1.775 75.755 -8.025 -1.93 91.089 -1.010 
DAY 6 -1.508 19.682 -5.158 -1.590 26.190 -1.260 
DAY 7 -1.453 86.235 -1.182 -1.470 88.462 -0.780 
DAY 8 -4.356 21.683 -12.349 -4.970 38.827 -3.580 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-3.315 33.663 -7.406 -3.580 44.355 -2.480 
-7.881 18.338 -6.950 -8.470 27.177 -6.660 
-7.931 14.770 -9.982 -8.810 27.496 -6.910 
-7.931 6.599 -9.978 -8.810 18.414 -7.440 
-7.800 8.939 -9.930 -8.660 20.950 -7.160 
-7.800 11.912 -9.928 -8.660 24.247 -6.970 
-9.995 10.810 -7.795 -10.840 20.177 -9.020 
-9.923 6.351 -7.525 -10.730 15.005 -9.330 
-10.092 -1.449 -6.903 -10.840 
30.985 -7.435 
35.076 3.124 
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5.859 -10.240 
40.780 
33.355 
IADJ,E 3- Z 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE EXCLUDED 
3-D 
(kai) 
I MEAS. I 2-D 2-D I KEAS. KEAS. 
(bi) (bi) 
LOCATION 320T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
2.328 45.529 20.024 
2.470 45.710 11.251 
2.019 -1.286 9.119 
1.955 -14.804 13.677 
1.94 21.250 
2.22 30.973 
1.850 -9.535 
1.720 -25.054 
1.600 
1.695 
2.045 
2.295 
6.539 16.978 10.457 5.920 5.903 5.590 
5.365 28.957 22.760 4.370 5.048 4.160 
10.858 14.234 8.580 10.000 5.208 9.505 
10.916 1.729 5.159 10.380 -3.262 10.730 
10.916 4.309 5.163 10.380 -0.812 10.465 
10.767 2.007 5.350 10.220 -3.174 10.555 
10.767 3.380 5.353 10.220 -1.872 10.415 
13.936 0.911 6.380 13.100 -5.141 13.810 
13.910 23.813 6.512 13.060 16.244 11.235 
13.969 23.677 6.636 13.100 15.981 11.295 
13.939 
17.233 
9.744 
5.392 
50 
3.697 
13.618 
IAD1,E 3-8 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
3-D 
(ksi) 
SHRINKAGE EXCllJDED 
I MEAS. I 2-D 2-D I MEAS. NEAS. 
(bi) (bi) 
LOCATION 3208 
DAY 1 
DAY 5 
DAY 6 
-2.110 653.678 17.239 -1.8 542.857 -0.280 
-2.239 292.819 8.693 -2.06 261.404 -0.570 
-1.828 66.215 6.922 -1.710 55.455 -1.100 
DAY 7 -1.771 471.298 11.385 -1.590 412.903 -0.310 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-5.966 60.822 8.679 -5.490 47.978 -3.710 
-4.896 81.341 20.894 -4.050 50.000 -2.700 
-9.879 33.861 6.569 -9.270 25.610 -7.380 
-9.931 19.360 3.230 -9.620 15.625 -8.320 
~9.931 16.699 3.234 -9.620 13.043 -8.510 
-9.794 16.740 3.426 -9.470 12.872 -8.390 
-9.795 15.914 3.429 -9.470 12.071 -8.450 
-12.445 16.528 
-12.369 13.161 
-12.636 5.831 
126.019 
194.632 
2.430 -12.150 13.764 -10.680 
2.814 -12.030 10.064 -10.930 
4.088 -12.140 1.675 -11.940 
7.359 
5.490 
51 
105.380 
166.390 
......J 
r::_:;,-·- ---· _ ....... ~ .. h ......... 
3-D 
(bi) 
IAIJI 3.9 
COMPARISON OF STRESS AT HID-SPAN 4 
SHRINKAGE EXCUJDED 
, 
I MF.AS. I 2-D 2-D I MEAS. MEAS. (tc.i) (kai) 
LOCATION 422T 
DAY 1 -11.404 25.045 12.467 -10.14 11.184 -9.120 
DAY 5 
DAY 6 
DAY 7 
-10.446 -33.124 
-10.362 -34.251 
-10.806 -25.527 
6.266 -9.83 -37.068 -15.620 
5.735 -9.800 -37.817 -15.760 
8.712 -9.940 -31.496 -14.510 
DAY 8 -11.239 -17.208 11.278 -10.100 -25.599 -13.575 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-14.808 -2.518 27.651 -11.600 -23.634 -15.190 
-13.911 -7.871 28.453 -10.830 -28.278 -15.100 
-13.020 -16.188 28.277 -10.150 -34.664 -15.535 
-13.014 -21.174 28.219 ~10.150 -38.522 -16.510 
-13.008 -10.413 28.285 -10.140 -30.165 -14.520 
-13.004 -8.904 28.244 -10.140 .-28.967 -14.275 
-12.998 -15.348 28.315 -10.130 -34.028 -15.355 
-13.184 -19.681 27.756 -10.320 -37.131 -16.415 
-13.300 -26.216 26.422 -10.520 -41.637 -18.025 
-15.241 21.149 
14.317 9.285 
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-29.844 
12.450 
3-D 
(ksi) 
T6ft1 ,I 3 -10 
COMPARISON OF STRESS AT MID-SPAN 4 
SHRINKAGE EXCUJDED 
I MEAS. I 2-D 2-D I Mr.AS. Mr.AS. (bi) (bi) 
LOCATION 422B 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
5.950 25.519 -1.169 
6.SOOi N/A 35.975 
6.532 -396.904 40.169 
6.357 -814.297 21.553 
6.183 N/A 5.688 
6.02 27.004 
4. 78 N/A 
4.740 
0.000 
4.660 -311.818 -2.200 
5.230 -687.640 -0.890 
5.850 N/A -0.510 
8.336 -1.468 -29.297 11.790 39.362 8.460 
4.570 
2.120 
0.640 
3.220 
1.400 
8.950 95.851 2.290 
9.552 350.547 57.357 
9.555 1393.029 57.420 
9.559 196.877 58.795 
9.562 582.979 58.832 
9.565 N/A 60.487 
9.919 445.003 47.386 
10.273 N/A 36.251 
N/A 32.267 
N/A 27.277 
,, 
53 
8.750 91.466 
6.070 186.321 
6.070 848.438 
6.020 86.957 
6.020 .330.000 
5.960 N/A -0.210 
6.730 269.780 1.820 
7.540 -846.535 -1.010 
N/A 
N/A 
3-D 
D.L. 
(ksi) 
IADJ,6 4-1 
COK,PARISON OF STRESS AT KID-SPAN 3 
SHRINKAGE INCWDED 
3-D I 3-D I MEAS. MEAS. 
D. L. + SH. D. L. 
(ksi) (kai) 
LOCATION 312T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-7.913 -7.913 0.000 -3.021 -8.160 
-8.015 -9.071 13.175 -25.648 -12.200 
-8.101 -9.423 16.319 -25.598 -12.665 
-8.054 -9.643 19.729 -20.959 -12.200 
-7.204 -9.059 25.750 -25.225 -12.115 
-6.426 -8.426 31.124 -26.088 -11.400 
-9.696 -11.865 22.370 -9.669 -13.135 
-9.717 -12.264 26.212 -3.433 -12.700 
-9.717 -12.914 32.901 2.370 -12.615 
-9.732 -13.201 35.645 4.936 -12.580 
-9.732 -13.504 38.759 4.885 -12.875 
-9.755 -13.806 41.527 7.398 -12.855 
-9.735 -14.440 48.331 8.043 -13.365 
-9.795 -15.885 62.175 14.445 -13.880 
29.573 -6.969 
15.086 14.357 
54 
\ 
• 
3-D 
D.L. 
(ksi) 
t611,E 4-2 
COMPARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE INCLUDED 
3-D I 3-D I MEAS. 
D . L . + SH . D • L. 
(ksi) 
NF.AS. 
(ksi) 
LOCATION 312B 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
\ 
·--.C.....C - ··- _____ \ 
r 
4.768 4.768 0.000 -3.490 4.940 
4.945 5.104 3.215 0.671 5.070 
5.128 5.328 3.900 22.765 4.340 
5.044 5.286 4.798 2.244 5.170 
3.270 3.554 8.685 4.529 3.400 
1.848 2.142 15.909 94.727 1.100 
8.069 8.330 3.235 3.222 8.070 
8.163 8.249 1.054 -1.798 8.400 
8.164 8.183 0.233 13.025 7.240 
8.232 8.284 0.632 2.272 8.100 
8.232 8.089 -1.737 -0.627 8.140 
8.330 8.122 -2.497 1.020 8.040 
8.244 
8.525 
6.934 -15.890 1.971 
4.242 -50.240 -31.581 
-2.050 7.782 
14.919 26.556 
55 
6.800 
6.200 
• 
tADl,E. 4-J 
COMPARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE INCWDED 
3-D 3-D I 3-D I MEAS. MEAS. 
D. L. D. L. + SH. D. L. 
(ksi) (ksi) (kli) 
LOCATION 322T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
-9.303 -9.303 0.000 9.641 -8.485 
-9.417 -10.473 11.214 -5.436 -11.075 
-9.489 -10.811 13.932 -9.266 -11.915 
-9.440 -11.029 16.833 0.355 -10.990 
-8.733 -10.589 21.253 -3.031 -10.920 
DAY 9 -7.947 -9.948 25.179 -7.589 -10.765 
DAY 10 -10.805 -12.967 20.009 2.994 -12.590 
DAY 12 -10.826 -13.414 23.905 7.269 -12.505 
DAY 13 -10.826 -14.004 29.355 9.922 -12.740 
DAY 14 -10.839 -14.257 31.534 12.216 -12.705 
DAY 15 -10.839 -14.508 33.850 9.826 -13.210 
DAY 16 -10.852 -14.756 35.975 11.661 -13.215 
DAY 19 -10.834 -15.218 40.465 12.977 -13.470 
DAY 20 -10.880 -16.466 51.342 18.631 -13.880 
MEAN 
STD. DEV. 
25.346 
12.639 
56 
5.012 
8.371 
• 
r· 
IABJ& 4-4 
COMPARISON OF STRESS AT MID-SPAN 3 
SHRINKAGE INCWDED 
3-D 3-D I 3-D I NEAS. NEAS. 
D. L. D. L. + SH. D. L. 
(ksi) (ksi) (kai) 
LOCATION 3228 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
5.721 5.721 0.000 0.196 5.710 
5.924 6.071 2.481 -0.148 6.080 
6.078 6.263 3.044 21.141 5.170 
5.992 6.216 3.738 2.237 6.080 
4.409 4.672 5.965 10.449 4.230 
3.036 3.307 8.926 82.707 1.810 
8.854 9.078 2.530 5.928 8.570 
8.957 8.971 0.156 -1.092 9.070 
8.958 9.112 1.719 14.472 7.960 
9.023 9.284 2.893 5.023 8.840 
9.024 8.687 -3.734 0.660 8.630 
9.097 
9.005 
9.356 
8.670 -4.694 
7.512 -16.580 
1.167 
0.697 
4.914 -47.478 -27.200 
-2.931 8.303 
13.646 23.068 
57 
,P 
8.570 
7.460 
6.750 
., 
IAB1,E 4· 5 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE INCLUDED 
3-D 3-D I 3-D I KEAS. KEAS. 
D.L. D.L.+ SH. D.L. 
(ksi) (ksi) (bi) 
LOCATION 310T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
1.853 
1.988 
1.691 
1.629 
4.934 
3.778 
8.915 
1.853 
2.020 
1.730 
1.670 
4.983 
3.872 
9.001 
8.970 9.266 
8.970 9.467 
8.822 9.428 
8.822 9.345 
11.431 11.995 
0.000 
1.574 
6.809 
3.833 
2.343 -18. 771 
2.478 -30.714 
0.981 -13.573 
2.493 -13.671 
0.962 -7.109 
1.735 
1.945 
2.130 
2.410 
5.765 
4.485 
9.690 
3.300 -13.527 10.715 
5.542 -14.672 11.095 
6.872 -13.666 10.920 
5.933 -13.229 10.770 
4.933 -16.645 14.390 
11.407 10.905 -4.407 -5.301 11.515 
11.463 9.586 -16.380 -22.975 12.445 
1.187 -12.372 
5.587 7.719 
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I6111 4-6 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE INCLUDED 
3-D 3-D I 3-D I MIAS. MIAS. 
D.L. D.L.+ SH. D.L. 
(ksi) (ksi) (kai) 
LOCATION 310B 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-1.654 -1.654 0.000 120.499 -0.750 
-1.775 -1.804 1.609 78.583 -1.010 
-1.508 -1.544 2.398 22.552 -1.260 
-1.453 -1.493 2.761 91.377 -0.780 
-4.356 -4.400 0.997 22.895 -3.580 
-3.315 -3.401 2.610 37.152 -2.480 
~7.881 -7.962 1.023 19.548 -6.660 
-7.931 -8.209 3.510 18.798 -6.910 
-7.931 -8.405 5.973 12.966 -7.440 
-7.800 -8.380 7.429 17.032 -7.160 
-7.800 -8.407 7.775 20.613 -6.970 
-9.995 -10.668 6.730 18.267 -9.020 
-9.923 -11.659 17.501 24.963 -9.330 
-10.092 -7.927 -21.452 -22.589 -10.240 
2.776 34.476 
7.946 ,26.693 
59 
t 
T68I,E 4-7 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE INCUJDED 
3-D 3-D I 3-D I MEAS. MEAS. 
D.L. D.L.+ SH: D.L. 
(kai) (ksi) (kai) 
LOCATION 320T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
2.328 
2.470 
2.019 
1.955 
2.328 
2.495 
2.051 
1.992 
0.000 45.529 
1.037 47.220 
1.610 0.304 
1.858 -13.221 
1.600 
1.695 
2.045 
2.295 
6.539 6.579 0.608 17.689 5.590 
5.365 5.433 1.280 30.607 4.160 
10.858 10.902 0.406 14.698 9.505 
10.916 11.179 2.415 4.186 10.730 
10.916 11.422 4.636 9.144 10.465 
10.767 11.400 5.885 8.010 10.555 
10.767 11.379 5.687 9.260 10.415 
13.936 14.621 4.915 5.871 13.810 
13.910 13.572 -2.435 20.798 11.235 
13.969 13.956 -0.095 23.559 11.295 
1.986 15.975 
2.303 13.907 
60 
Ul1,E 4-8 
COMPARISON OF STRESS AT BEGINNING OF SPAN 3 
SHRINKAGE INCUJDED 
3-D 3-D I 3-D I MEAS. MEAS. 
D. L. D. L. + SH. D. L. 
(ksi) (ksi) (kai) 
LOCATION 320B 
DAY l 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
-2.110 -2.110 
-2.239 -2.263 
-1.828 -1.859 
-1.771 -1.805 
-5.966 -6.005 
-4.896 -4.959 
-9.879 -9.920 
-9.931 -10.171 
-9.931 -10.389 
-9.794 -10.367 
-9.795 -10.379 
0.000 653.678 -0.280 
1.069 297.016 -0.570 
1.660 68.975 -1.100 
1.945 482.408 -0.310 
0.639 61.849 -3.710 
1.274 83.651 -2.700 
0.415 34.417 -7.380 
2.415 22.243 -8.320 
4.609 22.078 -8.510 
5.846 23.564 -8.390 
5.962 22.824 -8.450 
-12.445 -13.101 5.270 22.669 -10.680 
-12.369 -14.204 14.839 29.953 -10.930 
DAY 20 -12.636 -10.271 -18.716 -13.976 -11.940 
,I 
MEAN 1.945 129.382 
STD. DEV. 6.803 130.872 
~ 
) -
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• 
tAIJI 4-9 
COMPARISON OF STRESS AT MID SPAR 4 
SHRINKAGE INCWDED 
3-D 3-D I 3-D I KEAS. NEAS. 
D . L. D . L. + SH . D . L. 
(ksi) (ksi) (kai) 
LOCATION 422T 
DAY 1 -11.404 -11.404 0.000 25.045 -9.120 
DAY 5 -10.446 -11.521 10.294 -26.240 -15.620 
DAY 6 -10.362 -11.703 12.945 -25.740 -15.760 
DAY 7 -10.806 -12.414 14.877 -14.448 -14.510 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-11.239 -13.117 16.706 -3.377 -13.575 
-14.808 -16.830 13.657 10.795 -15.190 
-13.911 -16.473 18.413 9.093 -15.100 
-13.020 -16.025 23.078 3.154 -15.535 
-13.014 -16.193 24.422 -1.923 -16.510 
-13.008 -16.376 25.889 12.781 -14.520 
-13.004 -16.554 27.299 15.964 -14.275 
-12.998 -16.750 28.863 9.085 -15.355 
-13.184 -17.498 32.718 6.598 -16.415 
-13.300 -17.726 33.286 -1.656 -18.025 
20.175 1.366 
7.177 12.905 
62 
/ 
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• 
t6DJ,E 4 -10 
COMPARISON OF STRESS AT MID SPAN 4 
SHRINKAGE INCUJDED 
3-D 3-D I 3-D I MEAS. MIAS. 
D.L. D.L.+ SH. D.L. 
(ksi) (ksi) (kai) 
LOCATION 422B 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
5.950 
6.500 
5.950 
6.714 
6.532 · 6.800 
6.357 6.679 
6.183 
8.336 
6.558 
8.737 
8.950 9.384 
9.552 10.065 
9.555 10.128 
9.559 10.174 
9.562 10.200 
9.565 10.245 
9.919 10.653 
10.273 10.791 
0.000 25.519 
3.301 N/A 
4.740 
0.000 
4.097 -409.069 -2.200 
5.067 -850.494 -0.890 
6.070 
4.808 
N/A -0.510 
3.270 8.460 
4.842 105.335 
5.378 374.776 
5.996 1482.555 
6.432 215.972 
6.674 628.563 
4.570 
2.120 
0.640 
3.220 
1.400 
7.113 N/A -0.210 
7.403 485.351 1.820 
5.039 
5.159 
1.111 
63 
N/A -1.010 
N/A 
N/A 
• 
I61Il 5· l 
COMPARISON OF STRESS AT HID-SPAN 4 
3-D 
BC #l 
(ksi) 
SHRINKAGE EXCLUDED 
3-D I BC# l 
BC #2 
(ksi) 
3-D I BC# 1 
BC #3 
(bi) 
LOCATION 412T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
-9.569 -9.214 -3.710 -9.268 -3.145 
-8.518 -8.584 0.779 -8.526 0.094 
-8.432 -8.577 1.708 -8.468 0.419 
-8.891 -8.616 -3.086 -8.782 -1.222 
-9.338 -8.653 -7.334 -9.081 -2.752 
DAY 9 -13.361 -11.812 -11.592 -12.385 -7.304 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-12.460 -11.476 -7.902 -11.959 -4.021 
-11.564 -11.175 -3.364 -11.540 -0.211 
-11.558 -11.180 -3.274 -11.537 -0.183 
-11.552 -11.184 -3.185 -11.535 -0.153 
-11.548 -11.165 -3.320 -11.533 -0.134 
-11.543 -11.145 -3.443 -11.530 -0.107 
-11.748 -11.303 -3.787 -11.665 -0.708 
-11.876 -11.389 -4.096 -11.745 -1.106 
-3.972 
3.193 
64 
-1.467 
2.077 
IADisE 5-2 
COMPARISON OF STRESS AT MID-SPAN 4 
3-D 
BC #l 
(kai) 
SHRINKAGE EXCUJDED 
3-D I BC# 1 
BC #2 
(kai) 
3-D I BC# 1 
BC #3 
(kai) 
LOCATION 4128 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
4.856 
5.153 
5.192 
5.564 14.576 
3.866 -24.976 
3.644 -29.806 
5.530 13.873 
4.090 -20.625 
3.982 -23.300 
4.989 4.842 -2.933 4.564 -8.508 
4.786 6.019 25.761 5.141 7.418 
7.267 12.683 74.515 11.452 57.583 
7.894 9.592 21.506 8.701 10.220 
8.504 
8.508 
8.513 
8.516 
8.521 
8.954 
9.250 
6.516 -23.380 
6.476 -23.892 
6.435 -24.406 
6.480 -23.910 
6.520 -23.476 
7.331 -18.131 
7.849 -15.146 
-5.264 
28.558 
65 
6.016 -29.257 
5.999 -29.495 
5.981 -29.742 
5.969 -29.906 
5.953 -30.132 
6.844 -23.572 
7.375 -20.266 
-11.122 
24.430 
• 
) 
~ 
\ 
• \ 
\ 
\ 
\ 
I 
~ 
I 
' 
tANI 5.3 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC# 1 
GEOM.ETRIC INC. INC. CUM. INC. 
CENTROID N.A. AXIAL AXIAL BEND. 
LOCATION FORCE FORCE MOMENT 
in. kips ~ips kip-in. 
CUM. 
BEN·o. 
MOMENT 
kip-in. 
LOCATION 412 
DAY 1 33.510 30.297 -45.380 -45.380 145.800 
145.800 
DAY 5 33.510 -35.285 50.860 5.480 -3499.000 -3353.200 
DAY 6 33.510 -76.304 4.946 10.426 -543.200 -3896.400 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.510 -71.647 -26.260 -15.834 
33.510 -74.877 -25.900 -41.734 
33.510 34.331 5.230 -36.504 
2761.000 -1135.400 
2807.000 1671.600 
4.295 1675.895 
33.510 -205.950 64.240 27.736 -15380.000 -13704.105 
33.510 -191.960 63.140 90.876 -14240.000 -27944.105 
33.510 -180.000 
33.510 -180.000 
33.510 -270.000 
33.510 -360.000 
0.418 91.294 
0.418 91.712 
0.297 92.009 
0.385 92.395 
33.510 61.127 17.280 109.675 
33.510 62.830 12.170 121.845 
66 
-89.270 -28033.375 
-89.270 -28122.645 
-90.200 -28212.845 
-151.600 -28364.445 
477.200 -27887.245 
356.900 -27530.345 
I6NI 5-4 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
GEOMETRIC INC. 
CENTROID N.A. 
LOCATION 
in. 
BC# 2 
INC. 
AXIAL 
FORCE 
kips 
CUM. 
AXIAL 
FORCE 
kip• 
INC. 
BEND. 
MOMENT 
kip-in. 
CUM. 
BEND. 
MOMENT 
kip-in. 
LOCATION 412 
DAY 1 33.510 33.885 5.434 5.434 2.040 
2.040 
DAY 5 33.510 65.655 -73.310 -67.876 -2356.000 -2353.960 
DAY 6 33.510 87.237 -11.990 -79.866 -644.400 -2998.360 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
\. 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.510 87.092 64.950 -14.916 
33.510 87.327 63.870 48.954 
3480.000 
3437.000 
481.640 
3918.640 
33.510 61.057 265.000 313.954 7299.000 11217.640 
33.510 81.150 -159.900 154.054 -7616.000 3601.640 
33.510 82.002 -160.300 -6.246 -7773.000 -4171.360 
33.510 102.860 -2.377 -8.623 
33.510 102.860 -2.377 -11.000 
3·3. 510 162. 000 
33.510 171.430 
3.145 -7.855 
2.836 -5.019 
33.510 75.310 39.620 34.601 
33.510 77.185 25.830 60.431 
67 
-164.800 -4336.160 
-164.800 -4500.960 
404.100 -4096.860 
391.100 -3705.760 
1656.000 -2049.760 
1128.000 -921.760 
I6111 5.5 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC# 3 
GEOMETRIC INC. 
CENTROID N.A. 
LOCATION 
in. 
INC. 
AXIAL 
FORCE 
kip• 
CUM. 
AXIAL 
FORCE 
kips 
, 
INC. \ 
BEND. 
MOMENT 
kip-in. 
CUM. 
BEND. 
MOK.ENT 
kip-in. 
LOCATION 412 
DAY 1 33.510 33.633 1.781 1.781 0.291 
0.291 
DAY 5 33.510 59.395 -55.300 -53.519 -1432.000 -1431.709 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.510 58.554 4.071 -49.448 
33.510 58.640 21.890 -27.558 
33.510 59.281 22.100 -5.458 
33.510 59.073 240.700 235.242 
-101.900 -1533.609 
546.100 
569.700 
6152.000 
-987.509 
-417.809 
33.510 77.932 -138.200 97.042 -6139.000 
5734.191 
-404.809 
33.510 77.851 -134.800 -37.758 -5976.000 -6380.809 
33.510 76.500 -0.842 -38.600 
33.510 77.143 -0.897 -39.497 
33.510 77.143 -0.598 -40.095 
33.510 80.000 -0.819 -40.915 
33.510 78.146 44.800 3.885 
33.510 78.235 26.800 30.685 
68 
-36.190 -6416.999 
-39.150 -~456.149 
-26.100 -6482.249 
-38.090 -6520.339 
2000.000 -4520.339 
1199.000 -3321.339 
• 
16111 5-6 
COMPARISON OF STRESS AT HID-SPAN 4 
SHRINKAGE EXCUJDED 
3-D 
BC #l 
(ksi) 
3-D I BC# l 
BC #2 
3-D I IC# 1 
BC #3 
(kai) (bi) 
LDCATION 422T 
DAY 1 -11.404 -10.984 -3.683 -11.047 -3.133 
DAY 5 -10.446 -10.513 0.643 -10.432 -0.132 
• 
DAY 6 -10.362 -10.508 1.407 -10.376 0.135 
DAY 7 -10.806 -10.538 -2.477 -10.670 -1.260 
DAY 8 -11.239 -10.566 -5.990 -10.962 -2.465 
DAY 9 -14.808 -13.243 -10.568 -13.811 -6.733 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-13.911 -12.914 -7.169 -13.377 -3.843 
-13.020 -12.621 -3.066 -12.964 -0.432 
-13.014 -12.625 -2.987 -12.961 -0.407 
-13.008 -12.630 -2.910 -12.958 -0.381 
-13.004 -12.610 -3.026 -12.957 -0.363 
-12.998 -12.591 -3.132 -12.954 -0.339 
-13·. 184 -12 . 7 3 0 - 3 . 44 6 -13 . 0 71 -0 . 8 5 8 
-13.300 -12.656 -4.838 -13.139 -1.204 
-3.660 
2.860 
69 
· -1.530 
1.848 
/ 
.. 
'. 
1 
' 
1 
,· 
L 
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'f't'._ ':; 
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IA11sE 5- Z 
COMPARISON OF STRESS AT HID-SPAN 4 
3-D 
BC #l 
(ksi) 
SHRINICAGE £XCUJDED 
3-D I BC# 1 
BC #2 
(ksi) 
3-D I BC# 1 
BC #3 
(kai) 
LOCATION 4228 
DAY l 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
5.950 
6.500 
6.532 
6.767 13.742 
5.164 -20.555 
4.923 -24.632 
6.728 13.080 
5.474 -15.784 
5.356 -17.996 
6.357 6.190 -2.638 5.978 -5.958 
6.183 7.434 20.239 6.573 6.313 
8.336 13.832 65.934 12.565 50.732 
8.950 10.734 19.924 9.842 9.967 
9.552 
9.555 
9.559 
9.562 
9.565 
9.919 
10.273 
7.656 -19.845 7.174 -24.893 
7 .. 616 -20.297 7.156 -25.107 
7.576 -20.750 7.138 -25.330 
7.618 -20.325. 7.125 .-25.482 
7.657 -19.950 7.108 -25.691 
8.384 -15.473 7.912 -20.234 
9.072 -11.696 8.617 -16.126 
-4.023 
24.750 
70 
-8.751 
21.198 
, 
t61II 5-8 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC# l 
GEOMETRIC INC. INC. CUM. INC. 
CENTROID N.A. AXIAL AXIAL BEND. 
LOCATION FORCE FORCE MOMENT 
in. kips kips kip-in. 
CUM. 
BEND. 
MOMENT 
kip- in. 
LOCATION 422 
DAY 1 33.944 30.857 -51.780 -51.780 159.800 159.800 
DAY 5 33.944 -121.320 61.240 9.460 -9508.000 -9348.200 
DAY 6 33.944 -55.385 4.490 13.950 -401.100 -9749.300 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.944 -58.550 -24.050 -10.100 
33.944 -61.047 -23.690 -33.790 
33.944 33.870 -0.409 -34.200 
2225.000 -7524.300 
2250.000 -5274.300 
0.030 -5274.270 
33.944 -196.980 62.730 28.530 -14480.000 -19754.270 
33.944 -186.520 61.800 90.331 -13630.000 -33384.270 
33.944 -180.000 
33.944 -180.000 
33.944 -90.000 
33.944 -90.000 
0.414 90.744 
0.414 91.158 
0.240 91.397 
0.359 91.757 
33.944 59.000 13.080 104.837 
33.944 67.932 15.410 120.247 
71 
-88.490 -33472.760 
-88.490 -33561.250 
-29.700 -33590.950 
-44.550 -33635.500 
327.700 -33307.800 
523.700 -32784.100 
tAIJ,E 5-9 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
GEOMETRIC INC. 
CENTROID N.A. 
LOCATION 
in. 
BC# 2 
INC. 
AXIAL 
FORCE 
kips 
CUM. 
AXIAL 
FORCE 
kip• 
INC. 
BEND. 
MOM.ENT 
kip-in. 
CUM. 
BEND. 
·MOMENT 
kip-in. 
LOCATION 422 
DAY 1 33.944 34.310 62.730 62.730 
2.294 2.294 
DAY 5 33.944 69.571 -71.460 -8.730 -2546.000 -2543.706 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.944 88.171 -12.900 -21.630 
33.944 87.851 67.640 46.010 
33.944 88.088 66.520 112.530 
-699.300 -3243.006 
3646.000 
3602.000 
402.994 
4004.994 
33.944 63.451 258.900 371.430 7638.000 11642.994 
33.944 81.360 -157.100 214.330 -7448.000 4194.994 
33.944 82.177 -157.200 57.130 -7581.000 -3386.006 
33.944 102.860 -2.332 54.798 
33.944 100.000 -2.299 52.499 
33.944 164.350 2.899 55.398 
33.944 180.000 2.683 58.081 
33.944 75.554 34.830 92.911 
33.944 100.850 39.710 132.621 
72 
-160.700 -3546.706 
-151.800 -3698.506 
378.100 -3320.406 
391.800 -2928.606 
1449.000 -1479.606 
2657.000 1177.394 
t611,E 5-10 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC # 3 \" .. 
. ' 
f 
GEOMETRIC INC. INC. CUM. INC. CUM. 
CENTROID N.A. AXIAL AXIAL BEND. BEND. 
LOCATION FORCE FORCE MOMENT MOMENT 
in. kip• kip• kip-in. kip-in. 
LOCATION 422 
DAY 1 33.944 34.066 2.093 2.093 0.255 0.255 
DAY 5 33.944 60.385 -47.770 -45.677 -1263.000 -1262.745 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
') 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.944 60.876 -4.502 -50.179 
33.944 61.114 24.060 -26.119 
33.944 60.372 22.660 -3.459 
33.944 60.998 231.200 227.741 
-121.200 -1383.945 
653.600 -730.345 
598.900 
6255.000 
33.944 77.624 -133.300 94.441 -5821.000 
-131.445 
6123.555 
302.555 
33.944 77.940 -131.100 -36.659 -5767.000 -5464.445 
33.944 77.143 -0.877 -37.536 
33.944 77.143 -0.877 -38.413 
33.944 78.000 -0.639 -39.052 
33.944 80.526 -0.856 -39.907 
33.944 82.083 3.973 -35.934 
33.944 48.139 35.970 0.036 
73 
-37.880 -5502.325 
-37.880 -5540.205 
-28.140 -5568.345 
-39.850 -5608.195 
1773.000 -3835.195 
1732.000 -2103.195 
TADJ,E 5-11 
COMPARISON OF STRESS AT HID-SPAN 3 
3-D 
BC #l 
(ksi) 
SHRINKAGE EXCUJDED 
3-D I BC# 1 
BC #2 
(ksi) 
3-D I BC# 1 
BC #3 
(bi) 
LOCATION 312T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
-7.913 -7.697 -2.736 -7.729 -2.337 
-8.015 -8.029 0.170 -7.957 -0.727 
-8.101 -8.160 0.728 -8.053 -0.590 
-8.054 -7.861 -2.403 -7.951 -1.285 
-7.204 -6.788 -5.777 -7.046 -2.191 
DAY 9 -6.426 -5.606 -12.759 -6.006 -6.535 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-9.696 -9.282 -4.272 -9.536 -1.648 \. 
-9.717 -9.540 -1.826 -9.678 -0.396 
-9.717 -9.547 -1.747 -9.679 -0.387 
~9.732 -9.569 -1.672 -9.695 -0.380 
-9.732 -9.554 -1.834 -9.696 -0.373 
-9.755 -9.561 -1.985 -9.719 -0.369 
-9.735 -9.553 -1.867 -9.686 -0.506 
-9.795 -9.610 -1.888 -9.738 -0.580 
-2.848 
3.142 
74 
-1.307 
1.595 
• 
IAIJI 5-12 
COMPARISON OF STRESS AT MID-SPAN 3 
3-D 
BC #l 
(kai) 
LOCATION 3128 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV 
4.768 
4.945 
5.128 
5.044 
3.270 
1.848 
8.069 
8.163 
8.164 
8.232 
8.232 
8.330 
8.244 
8.525 
SHRINKAGE EXCUJDED 
3-D I BC# 1 
BC #2 
(ksi) 
4.699 -1.438 
4. 764 - 3. 655 
4.840 -5.610 
5.357 6.215 
4.120 26.007 
2.663 44.079 
8.937 10.755 
9.144 12.012 
9.120 11.715 
9.166 11.341 
9.235 12.181 
9.401 12.855 
9.174 11.283 
9.408 10.354 
11.292 
11.933 
3-D I BC# 1 
BC #3 
(k•i) 
4.657 -2.323 
5.067 2.475 
5.269 2.759 
5.090 0.904 
3.217 -1.634 
1.315 -28.857 
8.011 -0.723 
8.676 
8.681 
8.756 
8.857 
8.707 
8.953 
75 
6.289 
6.329 
6.325 
6.361 
6.324 
5.612 
5.026 
1.062 
8.852 
\ 
• 
IADJ,I 5-ll 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC• 1 
GEOHE'IRIC INC. INC. CUM. INC. CUM. 
CENTROID N.A. AXIAL AXIAL BEND. BEND. 
LOCATION FORCE FORCE MOMENT MOMENT 
in. kips kips kip-in. kip-in. 
LOCATION 312 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.706 33.840 1.800 1.800 
33.706 57.302 6.970 8.770 
33.706 61.227 7.866 16.636 
33.706 57.710 -3.341 13.295 
0. 240 
164.500 
216.500 
-80.200 
0.240 
164.740 
381.240 
301.041 
33.706 60.846 -75.670 -62.375 -2054.000 -1752.959 
33.706 58.173 -57.190 -119.565 -1399.000 -3151.959 
33.706 58.998 255.000 135.435 6450.000 3298.041 
33.706 73.565 4.870 140.305 
33.706 90.000 -0.060 140.245 
33.706 73.735 3.530 143.775 
33.706 0.000 0.000 143.775 
33.706 72.893 5.038 148.813 
33.706 73.714 -4.463 144.350 
33.706 74.164 14.660 159.010 
76 
194.100 3492.140 
3.367 3495.508 
141.300 3636.808 
0.000 3636.808 
197.400 3834.208 
-178.600 3655.608 
593.100 4248.708 
LOCATION 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
IAIJI 5-14 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC• 2 
GEOMETRIC INC. INC. CUM. 
CENTROID N.A. AXIA.L AXIAL 
LOCATION FORCE FORCE 
in. kips kips 
312 
33.706 34.117 5.408 5.408 
33.706 14.736 -8.002 -2.594 
33.706 33.043 -0.146 -2.740 
33.706 213.440 41.630 38.890 
33.706 48.195 -35.560 3.330 
33.706 49.705 -44.880 -41.550 
33.706 56.750 243.600 202.050 
33.706 40.064 3.142 205.192 
33.706 138.000 -1.662 203.530 
33.706 60.448 
33.706 117.170 
33.706 85.862 
1.904 205.434 
4.700 210.134 
9.642 219.776 
33.706 86.936 -13.290 206.486 
33.706 72.371 11.950 218.436 
77 
INC. 
BEND. 
MOMENT 
kip-in. 
2.221 
151.800 
0.097 
7483.000 
-515.200 
CUM. 
BEND. 
MOMENT 
kip-in. 
2.221 
154.021 
154.118 
7637.118 
7121.918 
717.900 7839.818 
5614.000 13453.818 
19.980 13473.798 
-173.400 13300.398 
50.910 13351.308 
392.300 13743.608 
502.900 14246.508 
-707.500 13539.008 
462.200 14001.208 
16111 5.1, 
COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC " 3 
GEOMETRIC INC. INC. CUM. INC. CUM. 
CENTROID N.A. AXIAL AXIAL BEND. BEND. 
LOCATION FORCE FORCE MOMENT MOMENT 
in. kips kips kip-in. kip-in. 
LOCATION 312 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
33.706 33.839 1.750 1.750 
33.706 57.887 16.420 18.170 
33.706 60.803 8.608 26.778 
33.706 57.244 -7.078 19.700 
0.233 
397.000 
233.300 
-166.600 
0.233 
397.233 
630.533 
463.933 
33.706 60.702 -79.650 -59.950 2150.000 
33.706 58.185 -76.520 -136.470 -1873.000 
33.706 58.932 274.100 137.630 6914.000 
2613.933 
740.933 
7654.933 
33.706 74.183 34.750 172.380 
33.706 72.000 0.203 172.583 
33.706 73.636 3.733 176.316 
33.706 67.500 0.144 176.460 
33.706 73.306 5.217 181.677 
33.706 73.770 -7.790 173.887 
33.706 74.348 12.910 186.797 
78 
1407.000 9061.933 
7.790 9069.723 
149.100 9218.823 
4.854 9223.677 
206.600 9430.277 
-312.100 9118.177 
524.700 9642.877 
' 
• 
tAIJI 5-16 
COMPARISON OF STRESS AT HID-SPAN 3 
3-D 
BC #l 
(ksi) 
SHRINKAGE EXCLUDED 
3-D , ac • 1 
BC #2 
(ksi) 
3-D I BC# 1 
BC #3 
(k•i) 
LOCATION 322T 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
-9.303 -9.058 -2.630 -9.095 -2.240 
-9.417 -9.380 -0.395 -9.334 -0.879 
-9.489 -9.501 0.127 -9.417 -0.756 
-9.440 -9.207 -2.466 -9.312 -1.352 
-8.733 -8.224 -5.831 -8.550 -2.097 
-7.947 -7.078 -10.936 -7.499 -5.638 
-10.805 -10.326 -4.430 -10.623 -1.685 
-10.826 -10.566 -2.399 -10.758 -0.625 
-10.826 -10.573 -2.333 -10.759 -0.617 
-10.839 -10.593 -2.267 -10.773 -0.608 
-10.839 -10.579 ~2.401 -10.774 -0.603 
-10.852 -10.576 -2.546 -10.787 -0.599 
-10.834 -10.568 -2.455 -10.756 -0.718 
-10.880 -10.612 -2.464 -10.795 -0.777 
-3.102 
2.569 
79 
-1.371 
1.306 
0 
IADJ,E 5-17 
COMPARISON OF STRESS AT HID-SPAN 3 
SHRINKAGE EXCUJDED 
3-D I BC# 1 
BC #2 
(lull) 
3-D I BC# 1 
BC #3 
(bi) 
LOCATION 3228 
DAY l 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 · 
DAY 20 
MEAN 
STD. DEV. 
5.721 
5.924 
6.078 
5.992 
4.409 
3.036 
5.642 -1.391 
5.745 -3.024 
5.783 -4.861 
6.283 4.864 
5.337 21.042 
3.873 27.568 
5.594 -2.226 
6.016 1.550 
6.189 1.822 
6.004 0.201 
4.324 -1.918 
2.489 -18.028 
8.854 9.758 10.207 8.773 -0.919 
8.957 9.974 11.359 9.434 5.330 
8.958 9.952 11.094 9.439 5.366 
9.023 9.995 10.770 9.508 5.370 
9.024 10.063 11.510 9.511 5.391 · 
9.097 10.205 12.176 9.587 5.386 
9.005 9.972 10.739 9.742 8.187 
9.356 10.248 9.538 10.041 7.320 
9.399 
8.382 
80 
1.631 
6.368 
( 
LOCATION 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
I 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
COMPARISON OF N.A. 
GEOHE'fRIC INC. INC. CUM. 
CENTROID N.A. AXIAL AXIAL 
LOCATION FORCE FORCE 
in. kips kip• 
322 
34.144 34.271 2.046 2.046 
34.144 57.532 7.914 9.960 
34.144 61.327 6.579 16.539 
34.144 57.333 -3.352 13.187 
INC. 
BEND. 
MOMENT 
kip-in. 
0.260 
185.100 
178.800 
-77.740 
CUM. 
BEND. 
MOMENT 
kip-in. 
0. 260 
185.360 
364.160 
286.420 
34.144 62.202 -68.770 -55.583 -1930.000 -1643.580 
34.144 57.235 -53.380 -108.963 -1233.000 -2876.580 
34.144 60.346 243.500 134.537 6379.000 3502.420 
34.144 75.484 5.489 140.026 
34.144 90.000 0.060 140.086 
34.144 75.000 3.412 143.498 
34.144 0.000 0.000 143.498 
34.144 76.395 3.891 147.389 
34.144 75.273 -4.845 142.544 
34.144 79.572 19.310 161.854 
81 
226.900 3729.320 
3.341 3732.661 
139.400 3872.061 
0.000 3872.061 
164.400 4036.461 
-199.300 3837.161 
877.300 4714.461 
s 
IADJ,E 5-19 COMPARISON OF N.A. LOCATION AND SECONDARY FORCES 
BC# 2 
CEOHE1RIC INC. INC. CUM. INC. 
CENTROID N.A. AXIAL AXIAL BEND. 
LOCATION FORCE FORCE MOMENT 
in. kips kips kip-in. 
CUM. 
BEND. 
MOMENT 
kip-in. 
LOCATION 322 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
34.144 34.543 6.279 6.279 
34.144 21.863 -5.576 0.703 
34.144 21.509 -2.151 -1.448 
34.144 217.830 40.720 39.272 
34.144 44.161 -20.700 18.572 
34.144 50.483 -45.660 -27.088 
34.144 57.987 233.200 206.112 
34.144 42.735 4.204 210.316 
34.144 129.380 -1.632 208.684 
34.144 61.429 
34.144 115.470 
34.144 91.942 
1.841 210.525 
4.616 215.141 
8.603 223.744 
· 34.144 87.012 -13.640 210.104 
34.144 77.625 14.900 225.004 
82 
2.504 
68.480 
27.180 
7479.000 
-207.400 
2.504 
70.984 
98.164 
7577.164 
7369.764 
-746.100 6623.664 
5560.000 12183.664 
36.120 12219.784 
-155.400 12064.384 
50.220 12114.604 
375.400 12490.004 
497.200 12987.204 
-721.300 12265.904 
647.800 12913.704 
" 
' 
,· 
~· f 
tADII 5-20 
COMPARISON OF N.A. LOCATION AND SECORDAIY FORCES 
BC# J 
GEOHE*IRIC INC. INC. . CUM. INC. 
CENTROID N.A. AXIAL AXIAL BEND. 
LOCATION FORCE FORCE MOMENT 
in. kips kip• kip-in. 
CUM. 
BEND. 
MOMENT 
kip-in. 
LOCATION 322 
DAY 1 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
34.144 34.275 2.055 2.055 
34.144 57.372 16.470 18.525 
34.144 60.820 7.313 25.838 
34.144 57.414 -7.226 18.612 
0.268 
382.500 
195.100 
-168.200 
0.268 
382.768 
577.868 
409.668 
34.144 61.891 -72.590 -53.978 -2014.000 -1604.332 
34.144 57.236 -71.390 -125.368 -1648.000 -3252.332 
34.144 60.115 261.600 136.232 6795.000 3542.668 
34.144 74.755 34.660 170.892 
34.144 72.000 0.203 171.095 
34.144 74.819 3.615 174.710 
34.144 67.500 0.143 174.853 
34.144 76.854 4.070 178.923 
34.144 112.500 10.400 189.323 
34.144 79.615 16.460 205.783 
83 
1408.000 
7.673 
147.000 
4.766 
173.800 
815.200 
748.400 
4950.668 
4958.341 
5105.341 
5110.107 
5283.907 
6099.107 
6847.507 
DAY l 
DAY 5 
DAY 6 
DAY 7 
DAY 8 
DAY 9 
DAY 10 
DAY 12 
DAY 13 
DAY 14 
DAY 15 
DAY 16 
DAY 19 
DAY 20 
MEAN 
STD. DEV. 
IABJ.E 5-21 
COMPARISON OF LONCITIJDINAL SUPPORT RL\CTIONS 
B.C. #l 
PIER# 3 
kips 
53.895 
-67.120 
-77.451 
-25.599 
29.169 
292.010 
52.811 
-173.736 
-175.250 
-176.842 
-177.902 
-179.674 
-146.158 
-117.098 
-34.190 
100.72 
INTERIOR GIRDER 
a.c. •2 
PIER# 2 
kips 
-4.188 
21.995 
34.288 
-21.500 
-102.709 
-136.882 
-87.036 
-45.860 
-43.418 
-40.840 
-46.766 
-55.411 
-47.675 
-45.307 
-24.852 
39.395 
84 
B.C. #3 
PIER# 3 
kipa 
0.000 
-4.390 
~ 4.926 
5.066 
0.983 
-9.742 
3.455 
5.790 
5.803 
5.805 
5.812 
5.891 
4.891 
3.812 
1.524 
3.615 
, 
\. _( ·- - . 
DAY 1 
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Fig. 5-18 Selected Stress Distributions for Location 322 (B.C. # 1) 
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